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PROCEEDINGS 
FirTH MEETING, First HALF, 65TH SESSION 


The fifth meeting of the first half of the 65th Session of the Royal Aeronautical 
Society was held in the Lecture Theatre of the Royal Society of Arts at 18, John 
Street, Adelphi, London, W.C.2, on Thursday, November 28th, 1929. 


ELECTION OF Hon. FELLOW AND Hon. MEMBER. 


Tue Presipenr (Colonel the Master of Sempill) proposed the election of 
Professor Payne and Captain P, Roach-Pierson to Hon. Fellowship and Hon. 
Membership respectively. The President explained that under the new rules 
anyone who was elected to an honorary grade in the Society must be recommended 
for that honour by the Council and such a recommendation must be placed before 
an ordinary meeting of the Society. 

Professor Payne, he said, was Dean of the Faculty of Engineering at Mel- 
bourne University, Chairman of the Air Accidents Committee in Australia, and 
had been identified with aviation in the Dominions for a number of years, He 
had done a great deal of work for the Society in connection with its Australasian 
Branch. 

Captain Roach-Pierson had been a member of the Society since 1919. From 
1920 to 1927 he had acted as the Hon. Secretary of the Australasian Branch, and 
it had been due entirely to his initiative and energy that the Branch was formed 
and had been kept in existence. He was one of the leading aviation experts in 
Australia, and it was fitting that the first Hon. Member of the Society should 
be a leading member of the old Institution of Aeronautical Engineers. 

Professor Payne and Captain Roach-Pierson were unanimously elected. 

THe Presipent: He regarded the paper which was to be read by Squadron 
Leader H. M. Probyn, D.S.O., as a valuable contribution. The amalgamation 
of the Society and the Institution of Aeronautical Engineers, which had been 
effected under such happy circumstances not long ago, had tended to broaden 
the Society’s work. Squadron Leader Probyn could help designers and con- 
structors a great deal. He was not a rich man able to employ a number of 
private aircraft, but had bought one machine to enable him to get about in an 
economical manner. If he could not employ it in an economical manner then 
he would have something to say to designers and constructors that would be 
useful for them to hear. 

Mr. H. EK. Winperts (a Vice-President of the Society and Director of Scientific 
Research at the Air Ministry) then occupied the chair at the request of the Presi- 
dent, who had to leave the meeting carly, 

Introducing Squadron Leader Probyn, the Chairman said that the lecturer’s 
interest in aviation went back almost to the ‘* dark ages.’’ It had extended over 
a period of fully 20 years. He had rendered also very distinguished military 
service. In 1914 he had joined the Royal Engineers; in the following year he 
had transferred to the Royal Warwickshire Regiment, and in 1916 he had trans- 
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ferred to the Royal Flying Corps. He had had experience of submarine patrol 
work as well as Army co-operation and had seen service in Egypt, Turkey, and 
elsewhere. He had since been doing important work in the R.A.F. In his paper 
he discussed his practical experience in the operation of an aeroplane; many of 
the papers presented to the Society were of a highly technical nature where X 
was a variable, and nobody knew quite what it was, whereas in this case the 
author was dealing with something which was more easy to estimate, 1.e., the 
4.s.d. of flying and the practical operation of aircraft. 


FLYING AND MAINTENANCE FROM THE OWNER’S 
POINT OF VIEW 
BY 
SQUADRON-LEADER H. M. PROBYN 


Introduction 

I realise that many readers of this paper know more about private flying 
than | do; on the other hand, many may not be so experienced or have even 
fiown. I have tried to put in things of interest to both and hope I shall be forgiven 
if | have put in too much elementary detail, or that my simple suggestions appear 
childish. I find that often it is the small and simple things which go to make 
for safety, comfort, and efficiency. I have no technical knowledge other than 
that gained by sitting behind internal combustion engines, which I have done 
during a great part of the last twenty years. 


Why You Should Fly 

As a means of getting from one place to another quickly, in safety and 
comfort—particularly where land and water have to be traversed, or in countries 
where roads and railways are few-—aircraft are undoubtedly .the quickest and 
most practical means of transport. 

Flying for its own sake and to view the country on a fine evening or early 
morning is a pleasure which no one, who has not experienced it, can realise. 

Flying is an education, because once you own your own aircraft England 
is no longer an island and you are quickly arcoss the Channel meeting people 
of other countries. I have flown continually for many years, but I still marvel 
when a frail aircraft of wood, metal and cotton can journey in weather over 
land or sea, when much larger and stronger seagoing vessels have to put into 
port. No other possession has given me so much pleasure as that derived 
from my small machine. 

There is only one safe place for speed and that is in the air, where it is not 
likely to cause harm to other people. 

Non-flving people are nearly always surprised when I say that the pilot 
can read, write, eat and drink without having to juggle with controls. Once 
the course is set and checked it is usually a matter of steering with one’s feet, 
which on a light aircraft is no effort. Even this could be partially dispensed 


with by some spring loading device. A moath or so ago 1 flew from Manston 
to Hamble. From Maidstone I never once touched the control column until 
coming in to land. The course and height were set, and it was just a matter of 


steering. krom the owner-driver’s point of view, not one twentieth of the 
fatigue is experienced by a pilot compared with the driver of a car. Then there 
is the sporting side of flying, be it a rally, a race, or a test of skill such as 


landing on a mark. There is also some little spirit of adventure when travelling 
abroad, seeing new lands and people. 
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Flying 

My definition of a good pilot is one who never breaks anything. 
of age depend on the individual, a man or woman who has lived a good outdoor 
life, and so has kept fit, should have no difficulty in jearning to fly up to the 
age of 60. There are numerous people who pilot about this age. One requires 
good eyesight, good hearing, a good touch, and the full use of one’s limbs. 
Many people fly well without all of these, but good eyesight, with or without 
glasses, is essential. A young man has quicker reaction and possibly more 
skill than a middle-aged man, but the middic-aged man is less likely to break 
anything than the young man. His air lore is greater before he starts to fly. 
He has already learned something about weather signs. If he has lived out 
of doors, he may have a good cye for country (a great asset when forced landing 
or looking for a landing off the beaten track). He knows that the green corn 
is two feet high in May month; birds land into wind; cattle turn their backs 
to it; that the fields in Leicestershire are undulating and not good to land on; 
that there are hop poles in Kent, and that when the glass goes down to 28.8 
one should see that one’s aircraft is pegged down well. He has more patience 
and cunning. <A pilot may possibly learn to fly an easy type of aircraft in 
between three and twelve hours. I have had several pilots go solo after three 
hours, but their knowledge is usually limited to taking off, turning and landing 
in ideal weather on a well known aerodrome. Therefore instruction must con- 
tinue for some time after this stage, before a pilot is fit to fly across country 


The limits 


and meet average British weather conditions. At 100 hours he or she thinks 
they are good pilots and know a iot; a dangerous time. At 500 hours they 


realise how little they knew at 100 hours, and at 3,coo hours they are still 
learning. Common sense and a level head and the rest is practice. 

Aircraft are much more foolproof than they were five years ago. Engines 
are more reliable, undercarriages are stronger. There is more control, and 
structural failures are rare. When they do happen they are usually due to 
malhandling. Judgment is acquired by practice in leaving and approaching ‘a 
landing ground and in landing the aircraft without damage. This is the only 
time when any concentration of thought is required, as modern aircraft are very 
stable and once in the air take care of themselves during straight flight (bad 
weather excepted). I am not considering high powered, large, or heavily laden 
aircraft at present. Finding one’s way across country or the sea is a subject 4 
wil! touch upon later. 

The stall or lack of air speed is responsible for the majority of accidents 
to private owners and they always have more serious results than any other 
type of air accident, except collision. Numerous attempts, by various means, 
have been made to overcome this error of judgment. The most widely used is 
the Handley Page slot, which is a cure for the bad results of the stall, viz., 
spinning ; but this is not enough, what is required is prevention. 

I would emphasise that some warning device, that will leave no room for 
doubt in the pilot’s mind that he is near the stall, is urgently required for private 
pilots. Several have been tried, one in particular I thought was good, and | 
am sure that had it been taken up and exploited it would have been perfected 
mechanically by this time and would have undoubtedly saved many lives. I am 
referring to the Bramson-Savage anti-stall device which, when the aircraft 
reached a predetermined angle pushed the stick forward. I tried this device out 
some years ago and found it excellent, but not mechanically perfected then. 
There are other warning devices, but those which I have examined have some 
drawback. 

There still remains a school which is convinced that pilots should fly by feel, 
but they are gradually coming to the idea of checking this sense of feel by 
instruments, These senses for flving no longer hold good to the extent they 
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once did, owing to slots and enclosed cabin aircraft. Very few aircraft, even 
of the same type, fly alike. The airspeed indicator is a most valuable instru- 
ment, but pilots hardly ever stall when they are thinking about it. It is when 
they are concentrating on something else other than flying that the trouble 
occurs, and on these occasions some audible warning would be most valuable. 
The contention is always brought forward that pilots will get into the habit of 
relying on it and it may break down. The same might be said of the engine. 
I maintain that a device of this nature would make flying safer, particularly for 
pilots who take up flying late in life or do not practise much. 

So far as the actual manipulation of the aircraft is concerned, I do not 
consider it so difficult as driving a car. A light aeroplane is extraordinarily 
simple. There are no gears or clutch and, at present, with a few exceptions, 
no brakes or lighting, no back axle and only two tyres. Many people look 
upon slow landing as the panacea of flying, but there will always remain pilots 
who will land downwind and nothing but a reverse would save them. 

Apart from flying technique, as against automobile driving technique, a 
knowledge of weather signs, wind, sea and country is necessary. In this latter 
lies the difference between flying and driving. The road sign gives way to 
the compass and the map. The autogyro or some similar aircraft may simplify 
flying technique and make it easier to land, which manceuvre at present some- 
times presents difficulties to the beginner, but air lore must largely be learned 
by experience. 


Types of Aircraft 
The various types of aircraft I have divided up into four classes, calling 
them A, B, C and D. 


A ’’ class consists of two or three-engined enclosed cabin aircraft, such 
as the Armstrong-Siddeley Argosy, the De Havilland Hercules, Supermarine 
(flying boat), These aircraft will carry up to twenty people. For a smaller 
number of people I daresay that the interior could be split up into sleeping 
quarters and a saloon, if so required. At least one pilot and two mechanics 
are necessary for the flying and maintenance of this type of machine, which is 
mostly used by companies for transport of mail and passengers. 

At present I cannot see much use for this type for the private owner, as it 
is hardly equivalent to a yacht, in that people would not want to live on board. 
The quarters are too close even on a flying boat. After all, a yacht is probably 
used as much to live in as it is a means to get about, whereas an aircraft is 
essentially a means of moving from one place to another quickly. I cannot 
imagine anyone owning an aircraft of this type landing at Croydon, living on 
board and using the planes or top of the fuselage as a promenade from which 
to admire the scenery. In a less thickly populated country, such as Africa, or 
India, one would probably be glad to live on board, or in tents, at times. The 
price of this type of aircraft would be anything from £10,000 to £20,000. 

‘“B”’ class is a four to six-seater aircraft with one, two, or three engines 
which vary between 200 and 4oo horse-power, mostly enclosed cabin aircraft 
and mostly monoplanes. The prices run from £2,700 to £5,000, and a pilot- 
mechanic could look after any one of them. They seat four to six people in 
comfort and are not too difficult to fly. Most of the three-engined aircraft claim 
to fly on two engines with full load. They nearly all have air-cooled engines. 
This class is very popular in America, which popularity will no doubt extend 
to this country and the Colonies. The cabins are every bit as comfortable as a 
car. At present they are more noisy and possibly drum more, but this will be 
improved in time. This type of aircraft should be very comfortable for long 
journeys as there is usually room to stand up and stretch one’s legs. Comfort- 
able chairs and a table, together with a reasonable luggage capacity make for 
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great comfort. <A trip to Egypt or the Cape, iaking one’s own time, would be 
much more comfortable than any boat and train journey. With a cruising 
speed of too miles an hour or more, and the confidence given by three engines, 
the sea passage should hold no fears for a good pilot. 

‘“C”’ class is a two or three-seated aircraft, open or closed cockpits or 
cabin, 80 to 110 horse-power, with a maximum speed round about 100 miles 
an hour. This type is easily the most popular private aircraft in Great Britain 
and costs between £630 and 4.800. They are made as biplanes or monoplanes, 
high wing or low wing, metal or wood, side-by-side scating or tandem seating. 
All are available from which to take one’s choice. Each one claims some 
special advantage over the other. We undoubtedly turn out the best value for 
money in the world in this type of aircraft. It can be maintained for long 
periods by the private owner and, as [| will endeavour to prove (minus the 
insurance), cost not much more in the yearly upkeep that a 14 horse-power car. 

So far as utility in aircraft is concerned, I think this is the lightest type 
which can be safely and consistently used in Great Britain, and such aircraft 
present the very best value for money. They are economical to fly, the capital 
outlay is no more than a good car, depreciation no greater. The great bugbear 
is insurance, but a careful pilot need only insure against third party risk and 
is not likely to be out of pocket. They have a fair luggage capacity and do 
15-20 miles per gallon of petrol. Where a short sea crossing is concerned they 
are much cheaper than a car for two people. 

‘““—D)” class is an ultra-light aircraft, single or two-seater, from 20 to 
45 horse-power, very economical to maintain. Mostly monoplanes, they are 
comparatively easy to fly in fine weather, enabling one to keep one’s self in 
flving practice at a reasonable cost. They are easily maintained by anyone 
with a knowledge of a motor cycle. A machine of this type was flown to India 
and back, which proves that they are capable of more than pleasant evening 
fying. The price ranges from £360 to £600. There are several well tried out 
aircraft of this type in Great Britain and abroad. The maximum speed is 
round about go miles an hour. For a man of comparatively small income an 
aircraft of this type need not be considered a luxury; he would probably 
economise on his car which may only be used for short journeys. The upkeep 
of this aircraft is less than a 14 horse-power car (again minus insurance), and 
first cost and depreciation are about the same. 

With reference to seaplanes or amphibians, they are not so popular as land- 
planes. One reason is their greater first cost. Small seaplanes have not the 
same performance as their equivalent landplane in paying load. They cannot 
alixht or take off in winds in which a landplane can, unless the water is very 
sheltered. 

On an average day a light two-seater seaplane would be of little use for 
landing in the open sea, so one might as well be on a landplane and save the 


weight of floats and sea gear. For sheltered lakes, rivers and harbours, where 
no landing grounds are available they are ideal. A knowledge of sailing, cur- 


rents, tides and charts is necessary, as otherwise one is apt to get into trouble. 


Buying an Aircraft 

Anyone contemplating buying an aircraft usually has a good idea what he 
wants it for. How many does he want to carry? How much is he prepared 
to pay? In which country is he going to keep it and what accommodation is 
there? Does he want to fly long journeys? Does he wish to race it? If 
flying it himself, is he an experienced pilot? Does he propose to keep it in 
repair himself? Does he want to fly in any weather or take the air on fine 
days only? 
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All these questions affect the purchase. A class ‘‘ B’’ aircraft with one 
engine to carry four people can be maintained by a private owner pilot. The 
annual cost of this would depend on the size of aircraft and the engine power, 
as all expenses such as petrol, oil, insurance, housing and landing fees go up 
in proportion. Speed must always be paid for, whatever the vehicle, and air- 
craft are no exception. <A cruising speed (which I put down as 20 m.p.h. below 
top speed) of go-100 m.p.h. is about average for this type (B). 

For long journeys of 2,000 miles and upwards one requires a cruising speed 
of not less than 100 m.p.h., owing to the possibility of adverse winds. The 
higher the cruising speed, other things being equal, the better, as there is not 
the discomfort or limitations which attend high speed on land or water. [| grant 
you that high speed on a bumpy day, near the grouid, would be unpleasant, 
but aircraft which can cruise at high speed can also climb out of bumps very 
quickly, clouds premitting. 

I have not mentioned it before, but after the first hour scenery becomes 
boring unless it is exceptional, and one turns to books or other means of passing 
the time away unless piloting. In cabin aircraft of all classes passengers have 
a comfortable seat and more often a table. 

The tandem two-seater biplane, light aeroplane, here classed ‘‘ D,’’ is. the 
most popular type used in Great Britain and the Colonies. Abroad the mono- 
plane is in the front rank, and for the private owner I think is the best proposi- 
tion owing to its simplicity and fewer parts. I do not think that there is much 
in the performance between the two. The biplane is stronger for aerobatics, but 
the average monoplane is strong enough for ordinary touring and has a_ better 
view. It should be cheaper than a biplane to purchase (but is not) and requires 
less maintenance. The question of side-by-side seating is a debatable one, 
unless in a cabin aircraft, when it would be a convenience ; one’s passenger may 
have more confidence alongside one. 

I have flown a high wing monoplane for the past two years and it has given 
me excellent service. I have only one adverse comment and that is in a high 
wind I am nervous about blowing over. It has not happened so far, the control 
surfaces are large and effective, and so long as one can keep. moving until one 
is in the lee of shelter the aircraft is fairly safe. 

There is room for both open and closed aircraft, but I think most lady 
passengers would prefer closed and side-by-side seating. I have not the slightest 
doubt that within five years’ time a two-three-seater side-by-side enclosed aircraft 
selling for £950, with the same comfort as, say, a Morris twelve horse ear, 
will be on the market and selling well. There is already such an aircraft, a 
high wing monoplane, but the price is about £750. 

I think on the whole [ would plump for a low cantilever wing monoplane, 
air-cooled engine, enclosed cabin, side-by-side seating. It is simple, the view 
is good and it is easy to fly. It is less liable to turn over in a high wind. — Its 
performance should be as good as the biplane. It has a roomy cabin. I have 
flown in such an aircraft and found it delightful. It has one or two disadvan- 
tages, its low wing means that the ground must be clear of all obstacles more 
than 18in. high in and about the hangar. Secondly, children and others will 
walk upon the wing roots. The price is about £730. Unfortunately it is made 
abroad. 

Four and a half to five hours fuel is necessary abroad as in places landing 
grounds (with supplies) are at times 300 miles apart. In any case, a journey 
out and home may well be 300 miles and one does not always want to fill up 
each time one lands as it takes time to obtain petrol and pay for it, particularly 
on service aerodromes. Never risk a forced landing due to lack of petrol. It 
is so much easier to land with one’s engine. Gravity feed and some form of 
petrol flex tubing when possible is the best. A tank in the centre section may 
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cause some extra resistance, but it is better to have the tank away from the 
fuselage and is worth the climb for refuelling. 

The method of refueiling should receive close consideration, as with large 
aircraft and seaplanes it can be hard work. All large acrodromes have tank 
installations and it is just a question of holding a nozzle in the tank filler. On 
the other hand, many English aerodromes have not, and tins must be used. One 
has an uncomfortable perch and tins are handed up; a slow business. Abroad 
I have used all manner of receptacles from a five-gallon drum to a pint tin. A 
good hand pump is the answer, but weight and expense enter. At most French 
aerodromes the wayside garage petrol pumps are installed and it takes no longer 
than filling one’s car to refuel. 

Oil replenishment does not present any difficulty and is required much less 
frequently. 

It is my experience that cubic capacity and not weight is the limiting factor 
of one’s luggage in aircraft, particularly in light aircraft. Two people require 
not less than two medium-sized suit cases each, say 24in. by tgin. by 6in., 
weighing 22lbs. each; in addition to these, golf clubs or tennis rackets, engine 
covers and pegging down gear, tools and spares have to be carried. The 


J 


majority of light aircraft are badly off in this respect; so many have dual controls 
taking up room, although they are seldom used. 

The tendency is to use more power as aircrafi are being built stronger and 
heavier each year. Like the car, refinements (so-called) are asked for, slots, 
brakes and stronger undercarriages mean more resistance and weight, call for 
more power, and prices instead of coming down are more likely to go up. 
Most of us remember the pre-war cars, two poor brakes, acetylene lights and 
poor hoods and screens. We are in the same position to-day with light aircraft. 

Modern aerodromes near large towns in Great Britain are usually provided 
with private lock-ups and your light aircraft would have to fold. The same 
would probably apply to your own garage, say, in a field. Few large aircraft 
fold and one has to pay for accommodation accordingly. 

All metal aircraft may be left in the open pegged down, but would deteriorate 
to some extent in time, apart from the inconvenience of carrying out maintenance 
in the open. [| seldom had need to fold my aircraft whilst touring abroad 
except for an occasional sticky hangar door. In good weather I would prefer 
to peg my aircraft down in the open rather than allow a stranger to put it into 
the hangar. The reason being that invariably the wing tips suffer from contact 
with the doors. My wing tips have now been damaged seven times. I have 
tried to make a form of spring wing tip, but so far it has only been partially 
successful. 


Maintenance 
I consider that a small two-seater aircraft requires less maintenance than a 
car in time and labour. The engine is much more accessible and does not get 


so dirty, neither does the airframe require the same amount of cleaning. In 
4,500 miles of winter flying, and often pegged down in the open, I never cleaned 
my aircraft once and it was always fairly presentable. Whereas a car in the 
country over which I was flying would not have functioned without being cleaned 
many times. 

The airframe requires very little attention and tiat given is mostly inspection, 
Fabric parts other than fuselage covers should last three years. The under- 
carriage requires inspection after a bad ianding and about every ten hours. 
Look for frayed wires, bowed or bent struts and axle, and see that nuts are 
tight. Wheels, joints and possibly the spring suspension require periodically 
greasing as laid down in the manufacturers’ handbook. The bolts which fasten 
the locking cap or washer to hold the wheel on the axle should be examined fairly 
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frequently, although they do not often give trouble. The fittings on the airframe 
to which the undercarriage is attached require inspection at the same time as the 
indercarriage. The tai! skid should be examined for weak spring, frayed shock 
absorber, cracked or loose fittings or a worn shoe, aad that nuts are tight and 
iocked. 

Commencing with the control column, work outwards. The universal joint 
at the bottom of the column should be examined for slackness and wear, and 
greased, Wires or rods running to the elevators, rudder and ailerons should 
next be examined for frayed wires and for proper connections to their various 
king posts and pinned and split-pinned. The rudder, elevator and aileron hinges 
should be oiled regularly every 20 hours flying and inspected for wear and to 
see that pins are in place and locked and split-pinned. Wires should be cleaned 
and greased unless coated with anti-rust paint, fabric parts washed down with 
hot water and soap. The interior of the cockpit brushed out. 

I have two separate belts, one which fastens me down into my seat and the 
other to prevent me from being thrown forward in the event of a crash. I only 
use the lower one on rough days, but the top one IT use always. A safety belt 
is essential. Particular attention should be given to pipe lines running from 
instruments, switch wires and petrol pipes, to ensure that they are securely 
fastened at least every foot and protected against rubbing. All struts in the 
fuselage should be examined to see if they are breaking away from the ply, or 
if of metal, bent or loose, in which case bracing wires will be slack. All metal 
work should be examined for rust or corrosion. Duralumin fittings are par- 
ticularly apt to corrode if near the sea. The tail plane and fin should be secured 
to their respective fittings, locked and_ split-pinned. 

All this sounds like hard work, but it is not much when spread over months. 
The whole undercarriage could be examined in about seven minutes. 

The annual overhaul is another matter and requires some dismantling, 
depending upon the age and type of aircraft and how it has been looked after. 
Annually during the first two years, wings, if fabric covered, should be cut to 
inspect the bracing wires. After three years they may want re-covering, 
depending upon how long they have been in the open. ’ Plywood should be 
examined outside and if possible inside to see whether damp has got between 
the ply causing it to separate, and if struts or longerons are splitting or coming 


away from the ply. Look for elongated holes in fittings where there is movement, 
Usually any damage to longerons in a plywood fuselage requires the services of 
a skilled carpenter. A steel tube fuselage requires a good welder. Duralumin 


is fairly easy to work for an amateur, but unless well protected, corrodes quickly. 
Metal fuselages can be inspected easily, but the covers are an extra maintenance 


compared with the ply fuselage. On the other hand, they are probably better 
in extreme climates where ply may warp. I am still a little dubious of rust in 
steel. Plywood fuselages and covered wings have stood up well to hard usage 
and have given good service in all countries. 

Engines on private aircraft are mostly air-cooled. They are simple and 
accessible and usually run 150 hours withcut trouble or decarbonising. This 
is roughly equivalent to 12,000 miles in still air. It is not necessary when 


carrying out a top overhaul to lie on one’s back or lift a heavy cylinder block. 
Anyone with a knowledge of a motor cycle engine can top overhaul the average 
tight aero engine. If you do not want to do the job yourself, the makers will 
earry it out cheaply. Here are some of the main jobs which should be carried 
out at the approximate intervals laid down by the makers’ text books. Differen: 
engines vary but little. Pilots who have not the experience or ear for discoverin” 
whether an engine is running well or not, must rely upon their instruments and 
inspections. For instance, all oil filters should be examined every 20 hours, 
and more often if oil has been put into the tank or sump without going through 
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a filter. The scavenger or sump filter should give one a good idea as to the state 
of the engine internally. This is an oily job, but not such a filthy job as on a 
car. Incidentally, a mineral oil is easier to clean off than a castor oil. Given 
that both possess the same lubricating properties, I would prefer the mineral. 
Your revolution indicator should tell you whether the engine is giving full 
power on each magneto and one should feel any vibration above the average. 
An oil thermometer is worth the expense of fitting on an air-cooled engine. 


An important inspection is that of the earth and switch wires. These wires 
become hardened through vibration, The switch wire at the control breaker 
cover requires frequent and careful inspection. The spring inside this cover 


with its carbon should bear well on to the contact breaker bolt (B.T.H. magnetos). 
The standard R.A.E. pattern petrol filter is a good one, and provided the petrol 
is put through a gauze filter into the tank will only require dismantling every 
twenty hours. Examine tappets and rods every ten hours and adjust and grease 
ball ends. This could be simplified considerably and the time reduced by an 
eighth by some grease nipple in the rod. Weight and expense and whether the 
grease would shake away from the top ends would have to be considered. 
Rocker arms should be greased every 6-20 hours, depending whether they have 
plain or ball bearings. Sparking plugs should be stripped every twenty hours 
(there is an excellent spanner made by K.L.G.s which saves mutilation in a vice), 
cleaned and adjusted. A plug tester (under compression) can be bought or made 
and is well worth the expense. 

Even the most expensive plugs short through the insulation sometimes; | 
find that cleaning the sparking plugs is the longest job on the engine, ten plugs 
usually take almost an hour. 

Contact breakers should be cleaned of oil and moisture, points examined 
and adjusted. Particular care should be taken to see that the contact breaker 
cover is properly home and any slots engaged in their respective pegs. This 
refers to B.T.H. magnetos. If this cover is not properly in place one is likely 
to be struck by the airscrew when sucking in, through the engine firing. After 
heavy rain I have had water in the distributors, but have tried covering the 


magnetos with American cloth, which seems to work. <A laced canvas cover 
would do. Distributor covers want handling with care as they crack easily. 


Carburettors do not give much trouble. I have the main jet out about every 
fifty hours, but only once have | found anything likely to cause trouble. Certain 
of the parts might wear longer. 

The airscrew boss should be tight on its shaft and the bolts fastening the 
airscrew to the boss watched for a red rust powder. One can go on tightening 
these bolts, as the wood gives, but one must use one’s discretion. I prefer a 
solid metal airscrew as it is safer to swing, and does not kick back, owing to its 
weight. They are expensive and heavy, but repay one in general use. On tour 
I carry a spare wooden one. Airserews should be handled as though the engine 
is always likely to start. I have an extra switch outside the fuselage near the 
engine and swing the airscrew from behind. In a cabin aircraft the pilot should 
be able either to swing the airscrew from inside or by means of an inertia starter. 


Touring 

Great Britain is a small country and at present is ill-equipped with civil 
aerodromes. We have nearly as many aerodromes as France, but they are mostly 
service ones and poorly situated, geographically, for the private owner. Many 
are close together in placcs few people want to visit. Towns like Leamington, 
Stratford-on-Avon, Buxton, Maidstone, York, all interesting places, have no 
landing grounds. Many of our aerodromes are too far from the nearest town, 
which makes for loss of time and expense and one loses flying’s greatest asset. 
A journey of toc miles by air may take one hvur to one and a half hours. A wait 
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for a car and seven-mile journey bring the time up an extra hour, besides the 
discomfort of changing vehicles. When planning a tour I take the distance of 
the aerodrome from the town into consideration, if it is a question of just breaking 
the journey for the night, as it makes much difference to the expense. One can 
also walk to one’s aircraft and look it over without the double taxi journey or 
having to keep one’s passenger waiting while one fills up. 

Taxis in provincia! and county towns are expensive still, but there is a 
network of buses in England and one can usuaily pick one up. I am stressing 
this question of expense as there are more poor veople than rich ones and I would 
‘ike to see many more of the former flying. Great Britain is not the best of flying 
countries, although the scenery is certainly amongst the best in the world. The 
climate on the whole is poor, despite the recent summer. We get a high per- 
centage of mist, low clouds and high winds. In the winter the days are short. 
A pilot who flies well in England will have no difficulty in other countries, 

I think that five hours flying during a day is the maximum for pleasure, 
certainly for a light aeroplane. Aircraft cover so much country in a compara- 
tively short time that there shouid be no early starts or late arrivals when touring. 
In the summer I have carried a small tent, bedding and cookery utensils, and 
my wife and I have camped where we have landed, which in fine weather is good 
jun. Shortly one will be able to purchase a cabin aeroplane for about £700, 
something like a miniature caravan, where one can sleep and cook meals. 

I have found farmers most obliging, providing one does not land amongst 
their stock. I always ask permission after landing and usually leave the. aero- 
plane near a gate, which saves the curious trespassing too far. 

Irance is the ideal touring ground for the light aeroplane. On the whole 


it is good flying country. The climate in the north is the same as England. 
In the south it is very much better. Housing and landing is very cheap. Petrol 
and oil much the same as in England. Aerodromes are well organised. Hotels 


and transport are much cheaper than in England. One requires a_triptique 
costing 25/-, obtainable from the Royal Aero Club, a passport and a journey 
log book. <A tour through France, Belgium, Holland, Germany and Italy by 
light aeroplane can be accomplished as cheaply as by a 14 h.p. car. There is 
no freightage across the Channel, and no deposit, and should you extend your 
tour to Northern Africa the balance is well on the side of the aeroplane. I find 
that £3 10s. od. per day for two people is sufficient for a tour in France. This 
includes petrol, oil and aerodrome charges for 300 miles flying every fourth or 
fifth day. Taxis to and from the aerodrome are reasonable, but are an item 
to be reckoned with when aerodromes are some distance away. Here is a list 
of approximate charges for landing and housing (per night) at State aerodromes 
for a light two-seater type of aircraft. There are numerous variations, for 
instance, if housed in a canvas hangar in Germany the charge is 50 per cent. 
cheaper. Fees for landing at night are doubled and there is an extra charge 
for lighting. 


Great Britain. France. Belgium. Germany. Italy. Holland. 

Landing fees... 2/6 rod. 2/9 3/6 3/1 2/- 
{ ist 48 hrs. 

Housing fees 5 ) nil 3/6 6/- 4/7 4/- 
ihen rod. 

Petrol, aviation... 1/10 1/10 1/81 1/9 

Oil (Castor R.) 17/9 == 16/9 16/1 


per gal. 


A tour, say, of 4,000 miles requires planning ahead, although a triptique for 
most Continental countries can be obtained in 24 hours or even less if vou are 
in London. Maps must he obiained. You may decide to take extra engine 


and machine spares, Your personal kit and your passenger’s requires more cans 
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sideration than it would if you could take unlimited baggage, although my wife and 
I carried as much as we required in reason, Good warm clothes for winter flying 
are essential. My passenger has a bag made of an old ciderdown and a rug 
which she gets into and keeps warm. ‘The passenger's seat is totally enclosed 
by means of a sliding celluloid roof. There are windows in the side of the 
-ompartment. This roof shuts out the wind and a good deal of noise, therefore 
I have a telephone speaking tube, shaped 


no helmet or goggles are required. 
cal] 


like an ordinary old fashioned electric telephone, which is satisfactory. | 
up by rocking the aircraft. My wife calls up by waving the telephone through 
the roof. 

1 wear a sidcot suit and rubber snow overshoes over my shoes. | think 
jlined trousers like the sidcot and a lined trench coat would be better as the 
coat could be used away from the aircraft and would be easier to put on. | 
wear an old fashioned pullover leather helmet as it keeps one’s chin and throat 
warm, and does not catch one’s throat like a strap helmet. No scarf is required. 
I use mask gogyles and find them satisfactory. Gloves according to one’s fancy, 
woollen ones are not too Lad, but for heights in winter, fur, four fingers in one. 

Aircraft and engine spares depend on your piloting ability, mechanical 
knowledge, the distance you are going and whether you have to be back punc- 
tually. A good set of ordinary tools and certain special tools will be required 
as well as odd tape, wire, nuts and bolts and certain washers. Engine and 
cockpit covers fitted with press-on eyes, like those on car hoods, are quick to 
on. A means of lashing the stick control should be standard. Good 


put 

picketing year is essential. I have not found dural pickets much use. Steel 
ones are better but heavy and are no use for reck or sand. Two sacks and 
a shovel are the best, with hook-on cables. The backs and fronts of wheels 


should be checked and the tail fastened down, usually by the skid post. 

I often marvel at the trusting manner in which pcople leave their aircraft, 
across wind, sometimes behind big aircraft, not chocked and in high winds. | 
carry a spare wooden propeller which is light, 7 Ibs. and not in the way. So far 
it has not been required. An airscrew is easily broken. | have seen strong 
men, used to lifting three-engined aircraft, throw a light aircraft on to its nose 
with disastrous results to the airscrew. [| have been lifted off my feet while 
hanging on to the taii, explaining in bad French and worse Arabic that it was 
very light and I would prefer to push it into the hangar myself. 

I prefer to refuel myself and suggest that acrodiomes give one a choice 
of fuel. Everyone cannot afford to pay for aviation petrol and it is not neces- 
sary. I use No. 1 M.T. benzole mixture when I can obtain it. It often pays to 
bring one’s fuel from the local garage and is much less trouble than obtaining 
it on a service aerodrome for instance, where there is a good deai of formality 
and stores are scattered. The same applies to oil. 

One receives better attention at small aerodromes in France than large 
terminus ones like Le Bourget. Passports and triptiques and certain docu- 
ments, such as manifests and notice of departures require to be handy when 
crossing frontiers, to save time, and together with maps go into an ‘attaché 
case, 

A good compass, properly swung, is a necessity, so is a good watch and 
maps, and I would recommend a Very pistol and lights for a sea crossing, or 
a hurried forced Janding, to give one wind direction or to obtain assistance. 


I would particularly emphasise the necessity of good maps on not too small 
a scale. The scale depends on two or three main factors :—(1) The distance you 
propose to cover in one hop; (2) your ability to make out your compass course, 
take your drift and steer well; (3) the presence on the ground of good features 
easily recognised, such as large rivers, lakes, main railways. 1 have toured 
England and France on maps taken from a 30/- Times Atlas. If one has plenty 
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of petrol in hand, easily recognisable ground features and some knowledge of 
air pilotage, then a small scale map, say six or ten miles to one inch is more 
convenient, but if you are likely to meet bad weather, run your petrol fine or to 
get caught out in failing light, take a large scale map, say four miles to one inch. 
Hills, rivers, railways, lakes and aerodromes should be clearly marked. 

A time table when flying is very necessary if you wish to get to your 
destination by the quickest route and not by the railway, river, or road. It need 
not be done before starting, just jot down the time you pass any recognised 
feature, and that, in conjunction with your time of starting, will give you yout 
ground speed. One cannot guess the passing of time in the air and without 
the time factor you are most likely to get lost. Nine out of ten pilots get lost 
through carelessness. That ten minutes is well spent in measuring out the 
distance and putting the protractor on to the map. I do not care how much 
flying the pilot has done, unless he knows the country or he does some pre- 
liminary study, he will get lost. The first ten minutes is the most important. 

Ground features for flying differ in various countries. In England’ the 
railways are fairly conspicuous, although too numerous. In France the roads 
are better to check one’s course by. 

It pays to fly round an aerodrome and haye a good look round before 
landing. ‘lhere is nearly always work of some description being carried out. 
Taxying also requires much care, particularly on large commercial aero- 
dromes, as the ground up to the apron is usually churned up in winter and one 
is apt to go on to one’s nose. Petrol filling points and covers for draining are 
apt to break one’s tail skid. 

There was an old tag invaluable for cloud flying, which went thus :— 
‘* When in clouds press your compass and follow the bubble,’’ meaning if the 
right hand side of the card or compass needle comes towards you press it away 


by right rudder and vice-versa. This prevents the aircraft from swinging. — If 
the bubble in your inclinometer moves over to the left, put the control column 
over to the left, in like proportion, and vice-versa. This, with practice, makes 
cloud flying in a straight line comparatively simple. Keep the airspeed indicator 
constant at your touring speed, and the aircraft will be level fore and aft. To 
turn well in clouds is difficult without a turn indicator. I recommend a slow 


flattish turn so that the compass coes not swing violently. 
A good compass properly swung rarely goes wrong. I always rely upon 
mine. 

When making out a compass course, variation must be taken into con- 
sideration. It is simpler to ignore deviation (if under 5°). One soon gets into 
the habit of adding the variation to the true bearing when the variation is 
westerly. 

I have a simple drift sight consisting of painted lines on the starboard 
strut of my monoplane, worked out to 25° to port and starboard. I see some 
object, say a church, passing under a mark on the front of the front strut and 
1 note the mark under which it passes under the back of the rear strut, and 
read off my drift. This makes course setting s:mple, your drift added to or 
subtracted from your required magnetic track, gives you the course to steer 
on the compass, without bothering with a course and distance calculator. You 
must use your common sense as to whether you add or subtract. 


Cloud shadows on the ground give one an idea of wind velocity and direc- 
tion and at times are a guide as to the best height to fly. 

If contemplating a long trip | recommend carrying water and some rations, 
such as a tin of biscuits, a box of cheese and a little alcohol. They keep and 
are sustaining. For long sea crossings I carricd a pneumatic raft which | 
hoped, in fair weather, would keep one afloat for a day or so. My 


passenger 
wore a spare inflated tube as a /ifebelt. 
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Night Flying 

The necessity for the private owner to use his aeroplane at night is not 
great because he can usually get to his destination in daylight or dusk. 
More skill is required in landing and in finding one’s way about. Extra expense 
is entailed for lights on the aircraft, such as instrument lights, navigation and 
emergency landing lights. 

The necessity for making prior arrangements for lighting at destination 
and intermediate acrodromes, with its attcadant expense, is a drawback. Even 
if aircraft carried their own landing light, acrodromes must be cleared of sheep, 
etc.. and air lighthouses put into operation. Weather reports are most impor- 


tant. A good knowledge of air pilotage across country is required. On a nice 
moonlight night flying is very pleasant as there are no bumps as a_ rule. 
Landing by the aid of searchlights is no more difficult than landing by day. — If 


landing by paraffin flares one invariably undershoots the flare path and flies into 
the ground; therefore I strongly recommend inexperienced night flying pilots 
to land with a litthke engine on. ft am trying out a spot light fixed to the port 
side of the aircraft. A flood light pointing downwards from the aeroplane is a 
help, but one must look ahead for direction and judge one’s height by the 
intensity of the light from the aeroplane showing on the ground. 


Wireless 


There are one or two combined radio and morse sets on the market. One, 
at least, is expensive and has not the range required for long sea flights. Good 
ground organisation is essential. At present this meaas flying along organised 
routes. The main uses for private flying are calls for assistance on sea flights, 
requests for weather reports, and in the ease of four cr more seater aircraft, 
direction finding. I notice that National Ilying Services intend to use it to 
assist pilots during their first solo flight. I think this an excellent idea which 
could be extended to more advanced flying. | fitted a spark set, weighing 
50 Ibs., to my machine, hoping that [ might pick up ships with an S.O.S. if 
necessary. The range was so small, however, that | discarded it. In any case 
both sea crossings of the Mediterranean made by me were so rough that ships 
which were sighted jooked as though they might want assistance themselves 
and we should most likely have broken up before anyone arrived. [| discovered 
afterwards that one ship was making one and a half knots. 


Photography 
Photography from the air is very interesting. There is a special camera 


made for this work by Williamson’s which can be worked by the pilot with 
good results. I have obtained good photographs with a Baby Pathe Cinema; 
but a filter should be fitted on all cameras when used for air work. For winter 
work this means fast films and a big aperiure lens. The lens should be narrow 
angle to obtain detail without having to fly too low. 


Costs 
The figures below are estimated on a year’s flying of 150 hours, which may 
be slightly above the average for the majority of private owners. The aircraft 


is estimated to last five vears, after which time it will be out of date, but. still 
worth something. During the third year the engine would require a complete 
overhaul and some replacements, costing anything from 4.go to £120 (B type), 
£30 to £40 (C type) and £15 to £25 (D type). The airframe would also require 
overhauling after three years and possibly want new fabric (if so covered). 
Petrol has been estimated as follows:—‘‘ B’* uses 14 gallons per hour and 
cruises at g5 m.p.h., ‘ C’’ uses 4) gallons per hour and cruises at 80 m.p.h., 
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“1D” uses 2! gallons and cruises at 65 m.p.h. I have not taken into con- 


sideration the interest on capital. The insurances are for a good reliable pilot. 
If he is not, they are liable to be increased by 50 per cent. Many pilots only 
insure against third party risk. There is a cabin three-seater aircraft of 100 h.p., 


costing about £:750, on the market which would not cost much more than type 
C to fly. 


The cost of flying a private aircraft is less for a service pilot than the figures 


given below. Exigencies of the service permitting, he is allowed to land and 
house his aeroplane free. He can also employ service personnel after duty hours 
through the Station Arts and Crafts Club, to carry out minor repairs. A 14 h.p. 


car costs about 5}d. per mile to run. [| understand that a thirty-foot motor 
cruiser costs about £200 per year to run. 


ESTIMATED MAIN EXPENSES INCURRED ANNUALLY ON 
THREE TYPES OF AIRCRAFT. 


300 h.p. 45 h.p. single 

3-engined cabin, go h.p. or occasional 

5-seater aircraft, cost- 2-seater, cost- 2 seater, Cost- 

ing approx. £3,700. ing approx. £650. ing approx. £400. 

s. d. -d. s. d. 

Depreciation FAO 130 O 80 0 O 

Insurance (fight risks) 296° «© 50 0 40 0 O 

(third party) 15 O O ic O 

Housing 100 50 O O 40 O O 

dD 

Fuel 50 12 O 25 6 3 

Oil 27 4 11 © 

Maintenance (engines) 30 O O 10 O O 5 10 Oo 

Certificate of air worthiness ... 5 5 2 5 5 © 5 5 Cc 
Wages (pilot-mechanic) 75 0 © Nil Nil 


Estimated mileage — .. 14,150 12,000 9,750 
Per aircraft mile 2/5.7d. 6.4d. 5.26d. 


Suggested Improvements 


Noise is undoubtedly bad at present, not only for the occupants of the 
aircraft but for people on the ground. The exhaust question is not too difficult 
and many aircraft are noticeably quiet. The airscrew noise is likely to last 
until we get geared engines. Many cabin aircraft drum badly, but the exhaust 
noise is less noticeable than in an open cockpit aircraft. The modern five and 
two-seater aircraft can be fitted with a silencer without too much loss of efficiency. 
Brakes are necessary for aircraft alighting in small landing grounds and 
for manoeuvring on the ground. I intend, when possible, to try out a parachute 
brake to be released when landing. It would be attached above and forward of 
the centre of gravity. It would be an emergency brake only, and its cost, 
weight and resistance should not be excessive. : 

Large tyres save many undercarriages. The section of tyres varies in size 
in each country. On the Continent large diameter wheels and small section 
tvres are fitted. In America one firm has gone to the other extreme and is 
fitting large section low pressure tyres to small wheels. Undoubtedly low pres- 
sure tyres have a good shock-absorbing effect and, it is claimed, are more stream- 
lined. I notice that I bounce less on landing when my tyres are soft. Whether 
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they are liable to roll off when landing with drift remains to be seen. However, 
a good case has been made in favour of them. Large diameter wheels must 
go over rough aerodromes (as distinct from soft ones) better than small diameter. 
Good windscreens are a necessity for bad weather flying, and some reliable 
form of wiper in these days of high wireless masts is necessary. Celluloid is 
not good enough. I find goggles become useless after half an hour’s rain. 

Many types of parachutes are expensive (approximately £70), uncomfort- 
abie, and unsuitable jor a lady. They may be 100 per cent. efficient, but I would 
prefer 90 per cent. efficiency with more comfort and iess expense, particularly 
as one is likely to sit in the thing, on and off, for many years of one’s life (one 
hopes without using it, the parachute). The broad belt back pack type seems 
simple, quick to put on and comfortable. 

The autogyro should go far to make landing and flying easier for the 
beginner. Good judgment for landings is not so necessary as in the normal 
type of aeroplane, and I imagine the controls can be handled coarsely without 
stalling. 

Many people would be content to take the air on a fine day without good 
performance as we know it, but the aircraft would have to be safe and easy to 
fy and reasonably inexpensive in first cost. It should be strong, have good lift, 
low landing speed and no vices. The top speed need not be high, say 60 m.p.h. 
The old De Havilland Six, used in the war to instruct beginners, was some- 
thing like what one requires and I had a lot of fun on this aircraft. 

I have been asked to give particulars of what I consider to be an ideal type 
of aircraft for two people and luggage for touring. 

A land aeroplane, two-seater, side by side, low cantilever wing, cabin, 
pusher, go to 100 h.p. five-cylinder radial air-cooled engine, to be started from 
inside the cabin. Folding wings, total width of aircraft when folded six to 
seven feet. 

One wheel undercarriage with skids or retractable smaller wheels for stability 
on the ground. The large central wheel to be sprung internally or an air wheel 
fitted and no springing. This wheel to be fitted with a brake. Length of 
cabin not less than six feet. Petrol fuel supply five hours, consumption four 
gallons per hour, cruising at 100 m.p-.h., landing speed 4o m.p.h. Gliding angle, 
medium. Weight empty, goo Ibs. Price £650. 

The low wing makes for a brighter cabin and gencrally a better all round 
view. It is less liable to turn over on the ground, and shelter is more easily 
obtainable. There will be less noise and smell noticeable, as the engine is 
behind, and a better view obtainable forward. 

The airscrew will be less dangerous to other people whilst on the ground, 
as it will presumably be partially protected by tail booms. 

A large wheel will ride over rough ground better than two small ones. The 
undercarriage should be lighter, minus spring suspension arrangements, and 
should be easy to streamline into the cabin. 

I have insufficient experience of metal frame aircraft to say whether wood 
or metal, or a mixture is better for the construction of the aircraft I have 
outlined. 

I have suggested a five-cylinder engine as should one cylinder cut out there 
is no vibration. A four-cylinder engine has not this advantage. Too many 
cylinders give unnecessary work to a private owner in cleaning plugs and grinding 
valves. Large cylinders are easier to decarbonise than very small ones. 


For an inexperienced pilot I would have an open nacelle and a split standard 
tvpe of sprung undercarriage. 
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DISCUSSION 


Mr. ALan Butter: He agreed whole-heartedly with a great number of the 
statements made in the paper. On the other hand, he disagreed with the author’s 
advocacy of side-by-side seating, and was of opinion that in a small cabin machine 
the seats should be arranged one behind the other, The passengers occupying 
such seats could communicate with one another quite easily in a cabin machine, 
though that was not possible in an open machine, Discussing what he regarded 
as the most important requirements in modern aeroplanes—he had in mind almost 
entirely machines of the ‘‘ Moth ’’ class—he placed them in the following order 
of importance :—(1) a clear forward and downward view; (2) speed; (3) range; 
(4) a self-starter ; (5) reduction of noise; and (6) brakes. 

The shorting wire used on the magneto was the worst invention he had ever 
seen. It was quite easily removed and had been removed frequently by vibra- 
tion, and he had been struck by a propeller not only as the result of the shorting 
breaking adrift but because he had given the propeller a twist when the engine 
was hot and it had kicked back. He disagreed with the author’s remarks con- 
cerning fasteners for cockpit covers. On the first machine he had there were 
turn-buckle fasteners, but they were always becoming broken, the eye-holes 
pulled out, and so on, and in the end he had had to tie things up with strings. 
He had never yet seen reliable fasteners. It was a matter of great importance 
that pilots should be educated up to understand properly the use of the compass. 
He had a certificate for sea navigation, and in order to get such a certificate 
one must be absolutely acquainted with every movement of the compass. Very 
few air pilots, however, did understand it, and he considered that they should 
be compelled to understand it before they obtained their licenses. He agreed 
with the author as to the use of cloud shadows. He had used them a lot when 
racing in order to ascertain the direction of the wind, and, indeed, they were 
practically the only means of ascertaining it. Discussing landing problems, he 
said that with the Moth machine, of which he had most experience, he could 
get into any field, but he certainly could not get out of many of those he had 
got into. He disagreed with the author on the question of shock absorbers, and 
was of opinion that they were extremely necessary. 

Air Vice-Marshal Sir Serron BrRANcKER (Director of Civil Aviation): He 
agreed with almost everything stated by the author, who had not even abused 
the ‘‘ iniquitous’ Air Ministry regulations which were said to fetter private 
flying so much! With regard to seating, he was in favour of the side-by-side 
arrangement. He had not had the opportunity of flying the tandem covered-in 
limousine. Up-to-date they had had really archaic machines which provided for 


the seating of two people several feet apart. He considered that side-by-side 
seating was better for purposes of teaching, There were some people who held 


that a pupil never gained confidence if he were mothered by an instructor seated 
beside him, but he personally did not believe that; indeed, his view was. that 
when we became used to having the instructor and pupil seated side-by-side, 
pupils would become proficient rather more quickly than they do now, Discussing 
the under-carriage, he said he did not agree with the author’s remarks in that 
regard, because only on the previous day he had heard serious complaints about 
the Moth, on the ground that the ‘‘ give ’’ in the under-carriage was not sufti- 
cient and that in a bad landing the longerons or the wooden struts in the fuselage 
usually suffered in consequence. He agreed with Mr. Butler as to the order of 
importance of the various requirements in the modern light aeroplane, and_ he 
also agreed with the author’s suggestion that we should have a pusher again. 
The author had also asked for a speed of 120 miles per hour and more perfect 


streamline. The trouble was, however, that in a pusher the booms supporting 
the tailplane caused serious extra head resistance. He would like to see trials 


made of a really good two-seater (side-by-side) pusher type of machine, with a 
limousine cover which could be taken off and put on as required by weather con- 
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ditions. On some days one would prefer to have a roof, but there were other 
days when one preferred to have one’s head in the open air and be able to breathe 
and look over the side, The provision of sufficient cubic space for baggage was 
an important point; he was surprised that so far no-one had designed special 
suitcases made to fit exactly in the space available for baggage. That would be 
quite an attractive feature to a private owner. Discussing the demand for long 
range, he said that no doubt when the schemes of the National Flying Services 
and of Sir Alan Cobham were working, and when municipal aerodromes were 
plentiful, long range would not be necessary in the British Isles. When flying 
over the more undeveloped parts of the world, however, a long range was a vital 
necessity. One drawback of the ideal machine put forward by the author was 
that gravity feed for petrol was not provided. The difficulty in the proposed 
type would be to decide where to put the tank. If it were put on the top of 
the cabin, one lost the overhead view, and that view was of great importance. 
With regard to reduction of noise, he said that a special panel of the Aeronautical 
Research Committee was investigating the whole question, and it was hoped that 
some definite advance towards greater silence would be effected in the near future. 
Everything seemed to point to the fact that the noise which it was most difficult 
to eliminate was the noise of the propeller, and the slower the propeller could 
be made to run the less tiresome would the noise become. In conclusion, he 
suggested that the Society might arrange for the author to give a lecture on 
this subject to an audience consisting of people really ignorant about flying and 
who needed to be taught the possibilities of the light aircraft to the private 
owner. 


Captain pE Havi_Lanp: Discussing the reference made to flying by feel and 
flying by instruments, he thought that probably when people talked about flying 
by feel they really meant flying by vision. Many pilots when they got into a 
cloud or a bad fog might turn upside down, and although they had the feel of 
the machine they had not vision. Therefore one flies by vision and not by feel. 
With regard to the relative merits of metal and wood construction, he said that 
from the designers’ point of view there were difficulties in deciding which to 
adopt, because some countries refused to take a metal machine, whilst others 
refused to take a wooden one. Therefore, it was necessary to build both, with 
the result that the production problem was rendered more difficult. As to seating, 
he believed that the advocates of the side-by-side arrangement attached most 
importance to the fact that it provided ease of communication and sociability, 
but it did seem to him that in small machines side-by-side seating must result 
in considerable reduction of performance, With the tandem seating arrange- 
ment, a machine of undoubtedly higher performance could be designed. With 
regard to duplication of controls, he agreed that everything should be duplicated 
as far as possible, but it was interesting to note that some machines would fly 
without rudder control, Several of the light aeroplanes, he believed, could land 
on a given spot without the pilot touching the rudder controls at all, by using 
the aileron instead of the rudder ; possibly that could not be done when the engine 
was on, but it could be done nearly always when the engine was off. The 
greasing of tappets with a proper grease gun was provided for in most modern 
engines. The provision of starters, of course, meant increased weight and some 
increase in cost, but he believed that the weight problem was of greater impor- 
tance in the light aeroplane. It was difficult to provide a really reliable starter 
weighing less than 30 or 40 Ibs., but such a starter was badly wanted. Brakes 
were used abroad in countries where there were more dirt aerodromes and less 
grass. He had found that on grass aerodromes, and particularly when the grass 
was wet, it was almost as easy to taxi with the wheels locked as when the wheels 
were rotating, and if pilots relied too much on brakes when making a forced 
landing on wet grass they might experience trouble. Finally, commenting on 
the suggestion that there should be a type of aeroplane available of very slow 
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speed merely for flying round an aerodrome, he pointed out that owing to the 
very small demand for such a machine it could not be made at a reasonable price. 

Dr. Merton: He would like to have information about the conditions in 
which a small seaplane could land on the sea, because it seemed to him that 
a long cross-sea journey even in a seaplane was not really a safe proposition 
except on a fine day. Possibly a light three-engined machine would be the 
machine of the future for those who wished to make long sea crossings. 
Endorsing the author’s remarks concerning drift sight, he said he had had drift 
lines painted on the lower planes of his machine, but had found that it was not 
really convenient to work from front to back of the plane. He found that by 
noting the drift line which best fitted the direction in which the ground drifted 
as it left the back edge of the plane, he could estimate the angle to within about 
5° and thus make the necessary correction to the compass course. Time tables 
were very valuable. His practice was to have a little notebook on a hinged shelf 
beside him, on which he could jot down the times at which he passed various 
points along his route, so that gradually he got to know when he was due to 
arrive at each point. 

With regard to photography, at first he had been under the impression, 
gained in the Service, that filters were always necessary, but he had since found 
that that was by no means the case. He had started his amateur work by 
using a filter and panchromatic plates in a special camera, but his recent experi- 
ence was that at heights below 1,500 feet or so, in averagely good weather, 
one did not need a filter. One could obtain remarkably good enlargements from 
snapshots taken with a small film camera, if accurately focussed, provided one 
could keep the camera on the object and follow it round so that there was no 
relative motion. Such photographs are conveniently taken when on a turn; his 
practice was to approach the object from the back and to one side, bank, and, 
as the machine came round, he looked over the side and took the photograph. 
In this way one could also get very effective and sharp cinema views with the 
9g mm. Pathé machines. 

With regard to noise, he said he had fitted a silencer to his machine, and 
as a result it appeared to him to have reduced the noise by about half. | The 
seats provided in machines were not yet sufficiently comfortable for long flights, 
and he suggested that chairs of the more up-to-date type, having a support for 
the middle of the back, might with advantage be tried in aircraft in order to 
reduce fatigue. 

With regard to cost, he had kept a complete record of all his expenditure 
since he had first bought ‘his Moth machine in 1927, and his costs were not 
comparable with those put forward by the author in respect of some of the 
items. The depreciation, or rather obsolescence, for the first year was rather 
more than the figure given in the paper, but rather less in subsequent years, 
but that figure was a fair average. The cost of housing was on the average 
probably about £50 per annum, although at the moment he was paying £3 10s. 
per month, which amounted to £42 a year, and he hoped that at all aerodromes 
the charges would gradually come down to about that figure, which seemed quite 
reasonable, <A figure of £20 for third-party and ground risks would be found 
more correct than the author’s figure of 410, and a total of £70 for insurance 
was what a reasonably experienced and steady pilot would have to pay, though 
he believed that in the future the rate would go down. The cost of the certificate 
of airworthiness was given by the author as £5 5s., but that was simply the 
fee, and included #othing for the actual work which had to be done on the 
machine for the inspection, In the first year all was rosy, and there might not 
be much to pay (probably about £15 or £20); in subsequent years, however, 
it would be found that some pieces of three-ply required renewing, and other 
things needed a certain amount of repair or replacement. Re-doping or even re- 
covering would be required some day, and that would be an expensive item. 
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Such expenses, although really machine maintenance, were conveniently included 
in the C. of A. a for which one could reasonably allow an average of 
£30 or £35 a ye 

The author = not included among his figures any allowance for incidental 
expenses, such as subscriptions to aeroplane clubs, the cost of maps, and other 
miscellaneous expenses, which were inevitable, at any rate to the extent of say 
#20 a year, The author’ s figures for the costs of maintenance were certainly 


under-estimated. The cost of engineers’ inspections, engine overhauls, and 
running maintenance of the aircraft, he himself estimated to be at least Ss. an 
hour, if one did not carry out the work oneself, quite apart from the C. of A. 


overhaul of the machine. Then for landing fees, tips at aerodromes, i. oor 
ground transport away from home—which latter had to be provided so often 
owing to the distance between the aerodrome and its nearest town—he had 
allowed 2s. 6d. per hour, and in fact that was what those items had actually 
cost him over a long period, Adding 8s. 6d. per hour for fuel, the running costs 
total 16s. per hour. The table of expenses for 150 hours’ flying annually thus 
becomes :— 


Housing dibs 1450) 
Running costs (16s, per hour) ... 120 
C. of A. overhaul 30 
Miscellaneous _... Sis 20 

420 


The total costs thus work out at a minimum of about £420, as compared with 
the author’s figure of 4.320. If the figure of £130 relating to depreciation or 
obsolescence were deducted—because when one bought an aeroplane or a car 
one did not really think about obsolescence and did not write off a certain amount 
of its value per annum—the total was reduced to £290 for 150 hours’ flying. 
Of that approximately 4.170 represented standing costs, i.e., costs which would 
be incurred whether one flew or not, and the remainder represented the cost of 
actual flying, which worked out to about 16s. per hour. In 1928 he had done 
almost exactly too hours’ flying, and it had cost him about £,250, if allowance 
be made for flying risks insurance, for which he had not covered the machine. 

It was important that more attention should be paid to the production of 
special machines for use in the Dominions and Colonies; such machines would, 
he thought, find a market in this country as well. We needed perhaps a cabin 
type as well as an open type machine, and having more room in it than the 
present-day machines. The costs of maintenance must be less than at present, 
and the machines must be so designed that repairs and overhauls could be really 
easily effected. That implied some form of metal and sectional construction. 
Fabric was a great nuisance in some ways unless there could be devised a 
method of attaching that fabric in strips so that any strip could easily be removed 
and replaced. It was also necessary that the machine should be built up sec- 
tionally, in such a way that there was no piece so large that it could not be 
flown out to the user of a machine who might have experienced trouble at some 
spot at a considerable distance from any large city, All these features were 
necessary so that an inspector could fly round, with perhaps one engineer, and 
carry out C. of A. inspections cheaply, quickly and without any special apparatus. 


Mr. Bramson: He urged that, from the point of view of popularising the 
light aeroplane, safety was the first requirement, for there was no doubt that 
it was fear—not an objectionable kind of fear, but a natural fear of a strange 
and untried element—which had deterred many people from even trying to fly. 
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Another requirement of the utmost importance was that of visibility, particularly 
as aerodromes became more and more crowded. A pilot ought to have certainly 
a clear view forward. Then there was the problem of providing against forced 
landings as the result of engine failures, and he felt quite certain that if it were 
necessary that commercial aeroplanes should be able to fly after the failure of 
one engine, it would also be necessary in the case of private aeroplanes of the 
future. Engines would never be too per cent. reliable, and, even if they were, 
people would not believe it. With regard to the author’s somewhat enthusiastic 
reference to the anti-stall gear with which he (Mr. Bramson) had had some con- 
nection, he said he had maintained silence with regard to it for two or three years 
because anything he might have said about it would naturally have been regarded 
as biassed. He felt certain, however, as did the author, that inadvertent stalling 
should be prevented—and it was easily preventable. If a pilot were flying low 
in bad weather, was worried about finding his way, and had rain in his eyes, 
and so forth, he might very easily stall his machine; further, some machines, 
when stalled, behaved almost like unstalled machines nowadays, owing to the 
use of slots, so that a machine might have crashed almost before the pilot had 
realised that it had stalled. It was not sufficient to rely merely on the ability 
to retain control after a stall if it occurred; on more than one occasion machines 
in the hands of highly experienced pilots had crashed when those pilots had 
tried to demonstrate the merits of control in the stalled state. 

Mr. Ratciirre: What was the author’s reason for stating that the biplane 
was stronger than the monoplane for aerobatics? The Air Ministry regulations 
in regard to the strength of monoplanes were quite as stringent as for biplanes. 

Commenting upon the skill required to fly the various types of machines 
mentioned in the paper, he said from conversations with a number of pilots 
he had gathered that the heavier ‘‘ B’’ class machine, such as that carrying 
four or five passengers, was easier to fly than a two-seater machine. He pre- 
sumed the reason for this was that the light machine was more sensitive and 
needed more correction. 

He thanked the author for having given full details of the running costs of 
light aeroplanes. Such information and figures would be very helpful to pros- 
pective purchasers and users of aeroplanes. 

Mr. GrirrirH BREWER: He recalled that some time ago, having learned 
that Squadron Leader Probyn was considering a flight to Egypt, and being of 
opinion that it was somewhat hazardous, he had tried to persuade him not to 
do so. Apparently, however, his advice had had no effect, because some time 
later he had learned from Mrs. Probyn that they had flown down through Italy, 
over and along the north coast of Africa, and back home via Spain. 

Squadron Leader EncLaxnp: He was not altogether in favour of fitting a 
warning device, whether the device be worked by means of a lamp, hooter, or 
pressure on the control column, 

The lecturer, in referring to the bad results of the stall, had advocated pre- 
vention of stalling. In this matter he (Squadron Leader England) entirely agreed. 
The number of instruments and other gadgets in aircraft were on the increase 
rather than on the decline, and it was for this purpose that he was not in 
favour of a warning device. In so far as losing control at the stall, he expressed 
the view that within a short space of time every aircraft, correctly designed, 
should be able to regain control after a stall within 50-60 ft. This might sound 
improbable, but that stage had pretty well been reached already. 

Turning to the question of insurance, which the author had referred to, 
he felt that one reason why private ownership was not proceeding as rapidly as 
it should was due to the fact that the tariffs for a newly qualified pilot were so 
heavy as to render it impossible to cover against all risks. He was aware that 
there was a number of private owners flying machines to-day which were not 
insured at all. He sincerely hoped that legislation would be introduced at an 
early date, compelling all private owners of aircraft to insure against third party. 
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At the present moment he believed that insurance premiums for an inexperienced 
pilot, covered against all risks on a machine value 4.700, amounted to £5125. 
It is hardly to be wondered at that progress was slow in connection with private 
ownership. 

In considering the merits of different types of aircraft and, in particular, 
the monoplane, he was in favour of what is known as the low wing type, since 
the view in an upwards and forwards direction is the important factor. ‘The 
majority of collisions which have occurred in the air have been due to the blind 
area occasioned by the top plane. The view immediately below was of little 
consequence. 

With regard to the author’s statement that rather than have his machine 
housed in a hangar and handled by strangers, he would prefer to have it pegged 
down in the open, as the wing tips invariably suffered from contact with the 
doors or shed walls. A very effective method of overcoming the damage to wing 
tips was to substitute the aluminium or steel -wing tip tubing for elastic, such 
as that used on the old type undercarriages. This method had been proved to 
be most effective. 

He did not agree that slots or brakes could be regarded as refinements ; 
he would go so far as to regard them as essentials, and would advocate a 
lower premium being charged on an aircraft so fitted, observing that most of 
the damage to aircraft occurs either when near or on the ground, 

He could not agree with the suggestion that the necessity for the private 
owner to use his aeroplane at night is not great. Surely if flying is to become 
popular, it must not be limited to daylight flying. In fact, night flying is 
preferable to daylight flying, providing one can be assured of ground organisa- 
tion and depend on the accuracy of the navigation. He hoped that the coming 
year would see the equipping of the principal aerodromes in this country for 
night flying, so that the private owner would be relieved of having to make 
special arrangements when he intended making night flights. 

The author’s suggestion that airscrew noise will disappear when the engines 
are geared is correct, but he forgot to add that in reducing the noise of the 
airscrew, one introduced the noise of the gear which in some types is more 
objectionable than that caused by the airscrew. 

Mr. H. D. BouLtBEE (communicated): He did not think the high wing mono- 
plane could be dismissed so easily. He assumed that the lecturer’s experience 
of this type was chiefly with the Widgeon, with its original narrow track under- 
carriage, which would have a loaded C.G. approximately 5ft. from the ground 
with a wheel track of 6ft. As it is possible to construct a machine of this 
type with a C.G. only 4ft. from the ground with a track of 7ft., it would seem 
that this compares very favourably with any light plane and that the machine 
would be very difficult to blow over, the wing lap being only ft. from the ground. 

There are several serious objections to the low wing type, and these are 
added to if a pusher airscrew is adopted. The lecturer’s suggestion, according 
to a report in the technical press, is of a low wing monoplane with three persons 
seated over the wing with a pusher airscrew, and it is obvious that the C.G. 
would be in an impossible position if the engine was at the rear, 

If his intention were to place the engine in front he would have to adopt 
a heavy and expensive shaft drive, and, in addition, find it impossible to stream- 
line the body from the maximum width in the short distance back to the airscrew. 
If the engine were at the rear, the passengers’ seats would be in front of the 
wing, giving a high and awkward entrance. Further serious disadvantages 
which follow are that in order to obtain a reasonable ground angle, the booms 
will have to slope up to the tail, causing a high drag, and the tail plane will 
be heavily stressed by ground loads unless there is a skid under each boom, 
which would be a bad feature. As a production job this type would be very 
dificult to handle. After construction of the body or nacelle wing roots will 
have to be added to carry the undercarriage and tail booms, Wing folding, 
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assuming a cantilever wing as in the Delanne, will be difficult to carry out, 
and all controls to the tail will have to consist at least of separately erected parts. 
to carry the control past the airscrew. Similarly controls, pipes, and other leads 
to the engine will be indirect and expensive. Add to these bad features pump 
or pressure feed of fuel to the engine and it would seem that the price paid for 
the advantage of good view and absence of slip drag is a very high one. 

A high wing monoplane is preferred at present because it is based on past 
experience and is a straightforward job. A one-piece plane can be attached to 
the body, to which the undercarriage and tail unit can be directly fitted, and 
the engine, with its components and accessories, may be immediately adjacent 
to the pilot, with simple gravity feed from the tank. The entrance from the 
ground can be very low, and a framework for the screens and side windows is 
ready without the addition of a cabin top. Every one of the above advantages 
can be obtained in the pusher monoplane, but not by following the lines suggested 
by the lecturer, and even then there will remain certain disadvantages not present 
in the tractor type. 

Mr. F. J. BaLLtarp (communicated): With reference to the remark made 
on a pilot flying through clouds with the assistance of the bubble in compass, 
he would like to point out that the presence of even a small bubble in a compass 
bowl may set up ‘‘ liquid swirl,’’ thus causing the magnetic system to swing. 

He thought a compass with a bubble could not be recognised as a satisfactory 
instrument. 

Mr. C. B. CoLtins (communicated): He noted that Squadron Leader Probyn 
gained his experience by sitting behind internal combustion engines for twenty 
years. Perhaps if he had sat in. front of them he would not have sat for so long. 

With regard to the aerodrome shortage in Great Britain, he thought this 
dificulty would solve itself very shortly. Many towns in the country are now 
alive to the necessity for providing their own aerodromes, and a large proportion 
of these towns is already taking steps to secure and equip suitable aerodromes. 
He agreed with the lecturer’s remarks regarding the necessity for a good compass 
and good maps. 

In fact, one can almost say that a good compass properly swung and properly 
cared for never goes wrong. Unfortunately few pilots know how to ‘‘ swing ”’ 
their compasses. He did not agree, however, with the principle of ignoring 
deviation of under 5°, but would accept a figure (for the unaided pilot) of 2°-3°. 
This is only a matter of degree. There should not, however, be a residual devia- 
tion of as much as 5° on any point if the compass has been properly installed 
and compensated—in so far as the small aircraft is concerned. He would be 
very interested to hear from any private owner, however, particularly in the 
use of metal aircraft, of cases where trouble has been experienced from large 
deviations. 

Variation, by the way, should only be added to the true course, or the true 
track angle, if the variation is westerly, irrespective of whether one is in the 
northern or southern hemisphere. It is westerly, of course, in Europe, and not 
changing to easterly until one arrives east of the longitude of Cairo (approxi- 
mately). 

With regard to maps he was glad to see that Squadron Leader Probyn 
recommends the use of maps on not too large a scale. The average pilot is 
too inclined to use a large scale map, for example, the 4 miles to an inch 
Ordnance Survey of Great Britain, and even the 1 mile map. The beginner 
should start with the 4 miles to an inch map, but should endeavour to get 
accustomed to the 10 miles to the inch map as soon as possible, and ultimately 
attain the goal of using the International Million sheets of Europe. In some 
parts of the world it should be remembered that maps on a larger scale than 
two millions are unobtainable. 

Some pilots seem to think they really require a cinema film of the route over 
which they propose to fly. This is quite absurd. Such pilots cannot read a map 
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properly. When maps are properly understood they are as good as cinema films. 
in themselves. 

In case the lecturer’s remarks on photography may be misleading, it should 
be generally known that in many countries abroad photography from the air is. 
prohibited, and cameras can only be taken into the country under seal. 

The most interesting part of the lecture is, he felt, that which gave figures 
showing the maintenance for the different types. These figures speak for them- 
selves, and should do more than anything else to convince the wavering pros- 
pective buyer that private flying is worth while. At the same time, manufacturers 
should not pat themselves too heartily on the back at this state of affairs. Further 
reductions are desirable and inevitable, and would be the surest means of attaining 
wider markets. 

Lieut.-Commander C. N. Corson (communicated): This question of the 
ideal private owner’s machine appeals as one of the most important that light 
aeroplane manufacturers have to face at ihe present time. 

There are a few points which immediately occur to one in comnection with 
his proposed design. 

The design appears te be « two-seater side-by-side cabin pusher machine. 
The low wing monoplane was suggested as the best type, with folding wings. 
which folded in two directions. 

Is a radial or in-line engine proposed {presumably it is to be air-cooled) ? 

How will the anchorage of the tail booms be arranged on a low wing 
monoplane ? 

How will sufficient room be provided between the booms for an airscrew ? 

How will gravity feed be provided for the fuel system? 

What type of construction is proposed for the fuselage and the wings? 

THE CHaArRMAN: He would like to refer to the work being carried out by a 
panel of the Aeronautical Research Committee with a view to reducing or 
eliminating noise in aircraft. Only those who had attempted to deal with the 
problem could realise fully how difficult it was. There were two main sources 
of noise, which were more or less equal competitors—the engine and the airscrew. 
Thanks to the work of the telephone engineers, they were able to measure sound 
by simple instruments, and a system of units had been established, One of the 
difficulties arose from the fact that if there were two sources of noise, each con- 
tributing equally, the total noise was decreased by only a small amount by the 
elimination of the noise from one of those sources. If, for instance, two dogs 
were howling equally loudly at night, at equal distances from one’s ear, by 
destroying only one of the dogs the units of sound sensation would be reduced 
only from 50 (assuming that was the total of the units of sound from the two 
dogs originally) to 47, and it would be necessary to destroy both dogs in order 
to eliminate the noise. He knew of no better example of the inadequacy of half 
measures. It was almost useless to silence one source of noise if the other were 
not silenced also. The Committee, with such resources as the Government placed 
at its disposal, hoped to be able substantially to reduce the noise produced by 
engines and airscrews, and he believed there was a good chance of its being 
able to show how to reduce the noise appreciably within the next year, the 
reduction of the airscrew tip speed being an important consideration. That 
would be a godsend to the aeroplane user, as well as to the people over whom 
he flew. Commenting on the references that had been made to the desirability 
of having two-seater machines of the pusher type, and of seating the occupants 
side by side, he said that a three-seater Pterodactyl machine—the type evolved 
by Captain G. T. R. Hill—was being built for the Air Ministry for research 
purposes. The pilot was to be seated in front, and the two passengers side-by- 
side behind him. It would be a pusher machine, and there would be two wheels 
on the same track on the undercarriage, and the usual swept-back wing associated 
with that design. If it were successful in flying, no doubt it would have an 
application to civil aviation. 
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During an official visit to America and Canada in the spring of this year, 
he had been greatly impressed, particularly in Ottawa, by the extent to which 
flying boats were being used. He was sorry to say that the flying boats used 
were mostly American, but they were being used extensively on the great rivers 
and lakes in Canada. He had gathered, from casual conversations, that if a 
party of people decided to take a fishing holiday at a point some 200 or 300 
miles from their homes they thought naturally of travelling there by flying boat. 
If the party were too large for one flying boat, it would take some of them 
and return for the remainder. The spread of flying in Canada was remarkable. 
In the United States the development of flying was amazing, and such a mode 
of travel was very suitable in such a vast country, 


REPLY TO DISCUSSION 


With reference to Mr, Alan Butler’s comments, in order of importance I 
would put safety and ease of flying first. A clear forward and downward view 
is essential, but an all-round view makes for greater safety. A view directly 
below is not so essential to civil aircraft as many people believe. 

I have used fasteners of the spike variety for two years, with satisfactory 
results, 

With regard to the long travel undercarriage I think that something on 
the lines of the Goodyear airwheel would suffice for an experienced pilot, but 
perhaps one should have a sprung undercarriage for instructional work and for 
inexperienced pilots. 

With reference to Air Vice-Marshal Sir Sefton Brancker’s remarks on the 
Moth undercarriage, 1 have seen some amazing stalled landings on Moths, and 
the undercarriage appeared to stand up extremely well, but there is a limit to 
the weight of a light aircraft with limited horse-power and a reasonable per- 
formance. 

The Delanne low wing, side-by-side seating, cabin monoplane, had a de- 
tachable top, which, in an emergency, could be released in the air, for a hurried 
exit of the occupants. 

This aircraft had an excellent all-round view. 

I was able to purchase standard suitcases to fit into my aircraft. 

If a radial engine is fitted, gravity feed presents no difficulties, and the tank 
can be fitted in the fuselage of a low wing monoplane. 

With reference to Captain de Havilland’s remarks on flying by feel or 
instruments, I entirely agree with him that pilots fly much more by vision than 
feel, although many think they are flying by feel. I give one of many instances 
of the sense of vision (of the wrong sort) overcoming the sense of feel. 

A pilot took off, unintentionally down wind from the shelter of hangars. 
The ground appeared to him to be moving very fast. He did a climbing turn 
and stalled into the ground. The speed of his aircraft appeared to be great over 
the ground, and probably was, but his air speed was not. His sight overcame 
his sense of feel. Had he used his sight on the air speed indicator, he would 
not have attempted a climb and turn so early. 

A broad fuselage may cause loss of speed, but the sociability and comfort 
make the time in the air appear less. 

Pilots who fly long distances and are very keen call for speed. Are they 
the majority who are buying aircraft? 

The weight of 30 or 4o lbs. for a hand starter seems a lot, 1 thought it 
possible to run an extension of the crankshaft, gear and handle into the cabin 
at a less weight. 

A safe aeroplane, strong and easy to fly at a reasonable price with a low 
top speed should create a demand for summer joy riding and sight seeing. 

In reply to Dr. Merton’s remarks, a long cross sea journey on a single- 
engined light seaplane is not a safe proposition, even on a fine day. 
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Even a light three-engined machine is expensive in cost and upkeep. In 
time one may be able to accompany air liners across long sea passages on regular 
routes, and obtain some degree of safety. 

The figures for insurance quoted by me were given to me by a well-known 
Aviation Insurance Company. These figures are 50 per cent. cheaper than they 
were a year ago, so probably when Dr. Merton renews his policy he will find 
the premium much reduced. The running costs of 16s. per flying hour appear 
to be excessive, and include the part-time services of a mechanic, transport to 
and from aerodromes, tips and landing fees. In aircraft classed ‘‘C’’ and 
‘““D’’ I made no allowances for the services of a mechanic. The charges for 
decarbonising at works varies between £3 and £5. I have allowed £20 5s. each 
year for the first two years for maintenance and certificate of airworthiness for 
the complete aircraft. Sundry expenses depend upon the individual. Maps to 
cover Europe can be obtained for 30s. or one can pay £20. Subscriptions to 
clubs are not essentials. 

The only fabric parts I find give trouble are fuselage covers, and they are 
not many on a ply fuselage. ; 

With reference to the question of Mr. Ratcliffe of the relative strength of 
monoplanes and biplanes, my statement may be incorrect, but I would prefer to 
carry out aerobatics on a biplane, partly owing to its smaller span and partly 
to weight distribution. That a 4-5 seater may be easier to fly I doubt, as its 
performance is no better than many light aircraft, the visibility is usually poorer 
and it cannot be anything like so handy. 

The blowing-over bogie has been done away with on many high wing mono- 
planes, but only at the expense of weight and resistance caused by a mass of 
long struts. 

In a high wing cabin monoplane the view is likely to be restricted, and 
the wings on either side above one make the cabin depressing. 

I can appreciate the difficulties of designing a low wing pusher, although 
one has been made and flown this year. The Pterodactyl type may be in right 
direction. I disagree with Mr, Boultbee as to a high wing being preferred, as 
on the Continent there would appear to be more low wing monoplanes, particu- 
larly in Germany. 

In reply to Mr. C. B, Collins, my reason for ignoring deviation under 5 
was to make it easier for the embryo navigator, and on light aircraft with a 
small compass one cannot steer to within less than 5°. One seldom sees a 
corrected compass deviation of more than 5° even on metal aircraft. 

I made a mistake in my remarks with reference to variation in the Northern 
and Southern hemispheres and was too late to correct the proof. 

I do not think that many civil pilots use the one inch map as one requires 
so many, with frequent changes and increased expense. A ten and sixteen miles 
to the inch map requires good air pilotage and practice, particularly if it is one 
not specially made for aviation. 

In reply to Mr. Ballard (communicated) the bubble I referred to was the one 
in the inclinometer. 

In reply to Lieut.-Commander Colson, his first question is answered in my 
suggested ideal aeroplane. In reply to his second question, as there would be 
only two booms they would have to be of cantilever construction and fastened 
to stubs in the centre section, attached to the bottom of the nacelle. A direct- 
driven airscrew for 100 h.p. engine would be about 6ft. 6in. in diameter and the 
distance apart of the tail hooms (7ft.) would present no difficulties. 

With a radial engine the tank might be placed in front of the engine, but 
not for a sufficient quantity (five hours). The remainder, say two hours, could 
be placed in the centre section stub roots and pumped to the gravity tank. 

For the type of construction I suggest metal mono-spar wings, fabric 
covered. The nacelle could be a wood frame, ply-covered, or steel tube or dural 
channel, fabric covered. 
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UNDERCARRIAGE DEVELOPMENTS 
BY 
GEORGE H. DOWTY, A.F.R.Ag.S., M.1.AE.E. 


(Paper read before the Bristol Branch on Thursday, September 19th, 1929.) 


Introduction 

The loss in efficiency which arises in connection with present aircraft designs 
has been dealt with very fully during recent years. It has been shown that the 
perfect streamline aeroplane would only have a drag of one-third that of a 
conventional machine. While it is improbable that this ideal design will ever 
be attained, considerable improvements can be made by refinements in desiga 
and careful revision of those items which are the cause of comparatively big 
losses. 

Many attempts are being made to reduce parasitic drag and interference 
effects, for the importance of obtaining increased performance by aerodynamic 
cleanliness rather than by increased power is apparent. 

Referring more particularly to the undercarriage component, it can be 
fairly stated that until quite recently the aeronautical engineer has been more 
concerned with the provision of a satisfactory undercarriage mechanism than the 
more difficult problem of providing a low resistance unit. 

In some recent experiments on the aerodynamic characteristics of under- 
carriages, using the Sperry Messenger as the basis of investigation, it was 
found that when the undercarriage was removed from the model the parasitic 
drag of the complete machine fell by one-third. In this instance the under- 
carriage interference was equal to the parasitic drag of the undercarriage itself. 

The landing gear represents a large part of the total resistance and, because 
this unit is of no assistance to the aeroplane in flight, its weight and drag musi 
be regarded as something of a dead loss. 

Since an aeroplane must be provided with some form of undercarriage it 
is necessary to reduce the weight and resistance of this component to a minimum 
and the greater part of this paper will deal with developments along these lines. 


Retractable Undercarriages 

Birds are provided with efficient retractable undercarriages and, since the 
earliest days of flying, aircraft designers have considered similar schemes. This 
very natural endeavour has not met with success. 

With every retractable system it is usual to find mechanical complication, 
increased weight, reduced efficiency in undercarriage operation and maintenance, 
while the additional size of body required to accommodate the folded landing 
gear is such that if there is any advantage it is so small that the additional cost 
is not warranted. 


Wheels 

It has been shown that fabric discs placed between the tyre and hub are 
not efficient if a gap exists between the fabric shield and tyre wall and wheel 
drag can be reduced by one-third if the space between the tyre and rim is suitably 
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covered. This point has been clearly demonstrated by testing a wooden repre- 
sentation of an aero wheel against a normal wheel with fabric shields. 

There are difficulties in the provision of satisfactory side fairings but, when 
it is remembered that this inefficiency has existed since the first aero wheels were 
produced, it is time that a solution to this problem was forthcoming. 


956 Lb Load. 
0.53! In. Straight Orifice 
Small Straight Taper Needle 
0520 la of Base 
0.125 lnothp 
Piston Area, §59.fn. 
42-1N. DROP 
2400 Lb per SQ In... 
_ 2400 —— 
2000 
G00 
1200 
& 800 
2 400 
Start of Stroke 
24-1N. DROP 
1400Lb per 
Start of Stroke 
6-IN. DROP 
 550L6 per Sg In 
Start of Stroke 
HIG. 


The value of all-metal disc wheels is now being appreciated in this country. 
They provide a clean and robust unit and have to a great extent overcome 
the troubles usually associated with fabric shields used in conjunction with 
wire wheels. The all-metal disc wheel, designed by Mr. Laddon, of McCook 
Fieid, has proved very popular in America, where it is fitted as standard equip- 
ment on go per cent. of al] new aircraft. When compared with the wire type 
wheel, disc wheels can show overwhelming advantages. They can be made 
lighter, cleaner and more cheaply, while brake drums can readily be housed 
within the wheel and more rigidly mounted. 


Shock Absorber Legs 
Reviewing, in the first instance, the mechanical properties of these legs, 
it can be stated that it is usual to provide for approximately one-half of the 
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travel to be taken on oil alone. This is found desirable to prevent rebound of 
the machine. 

The value of uniform resistance during compression must now be appre- 
ciated by everyone, and the following slides will illustrate how far this uniform 
resistance is obtained in practice. 


956 Lb. Load -— 65 Lb Air Pressure. 
Straight Orifice 
Smal! Straight Taper Need /e 
0.520 In at Base 
Ln af Tip. 


42-IN. DROP 


2000Lk per Sq In. 


Start of Stroke 


24-iN. DROP 


7135016. per So In 


Stort of Stroke 


G-IN. DROP 


650 Lb per fn 


Start of Stroke 


FIG. 2. 


Perhaps the most simple method of maintaining uniform resistance is that 
using a tapering needle for controlling the oil flow. Within the last eighteen 
months the Material Division of McCook Field, U.S.A., have carried out a 
complete series of experiments to test a formula for taper needle design, which 
has been described elsewhere.* The results of these tests were presented in 4 
paper before the American Society of Mechanical Engineerst by Lieut Aldrin. 

The formula on which these tests are based can be briefly stated in non- 
technical terms as follows :— 

Leakage area varies as (Wt. oil to be displaced) 
* Journal, Inst. Ae. Eng., Vol. I., No. 2. 
t+ Paper read before the Am. Soc. Mech, Eng., December 5th, 1928, 
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and because the weight of oil to be displaced is in direct proportion to the length 
of travel it is obvious that :— 
Leakage area varies as ¥ (Travel). 

The leakage area being a maximum at the commencement of the stroke 
and a minimum at the end. 

Fig. 1 shows the result of tests carried out on a tapered needle oleo under- 
carriage without pneumatic-tyred wheel. The three figures reading from top 
to bottom represent the result of tests when the leg was subject to free drops of 
42, 24 and 6 inches respectively. The 24 and 6 inch drops show good agree- 
ment between theory and practice, the efficiency of these tests being approxi- 
mately 85 per cent. This means that the maximum loads set up in the leg are 
15 per cent. greater than would be the case if uniform resistance was maintained 
throughout the leg travel. 


956 Lb. Load - 65lb Air Pressure. 
Straight Orifice. dir Pressure 
\\ Yi Large Straight Taper Weed le WZALWZD 
La. at Base. 0375 -In Straight Orit ite. 
Ln.af Jip. No Need 
42-1N. DROP 42-1N. DROP 
1900 Lb per Sg In 
160 16 per Sg ln 
i 
= 
Start of Stroke Start of Stroke 
24-IN. DROP 24-1N. DROP 
1950 Lb per In. £1980 Lb per Sg lo 
<— <—! 
Start of Stroke Start of Stroke 
G-IN. DROP 6-1N. DROP 
500 Lb per Sq fn 655010 perSsgin 
Start of Stroke Stort of Strowe 
FIG. 2 FIG. 4. 


Fig. 2 shows the same undercarriage, but tested with a 36 by 8-inch tyre. 
It will be noticed that the shape of the diagram has changed and the peak 
resistance occurs at the end of the travel. The whole of these tests have been 
carried out with an orifice having a sharp entry. It is unfortunate that no 
tests have been made on a taper needle running in an orifice with a belled-mouth 
entry. <A straight orifice with sharp entry is not conducive to a stabilised flow, 
and it is quite possible that better results will be obtained from a curved entry 
similar to those used on oleo legs in this country. 

In connection with these diagrams, illustrating tapered needle control, it is 
interesting to notice the rise and fall in pressures at the end of the leg travel. 
This is possibly due to the absence of a return valve in the oleo piston. 

Fig. 3 illustrates further tests on an oleo undercarriage with tyres and 
tapered needle control. In this case the diameter of the needle has been 
increased. In all other respects this unit is similar to that shown in Fig. 2. 
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One disadvantage of tapered needle control is the very fine taper required 
for legs of small diameter. Trouble has sometimes been caused by the needle 
seizing in the central orifice. Engineers at McCook Field have therefore tried 
the effect of deleting the needle and using a constant leakage area, basing the 
size of the aperture on the average area given by the above formula. 

Fig. 4 shows a test carried out on an undercarriage with tyres, but using a 
constant orifice, the needle control having been deleted. The resulting dia- 
grams are much more ragged than those in which a taper needle was emploved. 
Perhaps the most objectionable feature of legs using a constant leakage area is 
the large rebound which occurs. 


65 lb Pressure 
dé 6018 Air Pressure 
No 60% te Nead/e. 
42- in. DROP 42-18. OROP 


per 


+ 


~~ 
Start of Stroke Stort of Strote 


24-18. DROP 24-1. OROP 


= 
we | Start of Stroke 
6- In. DROP G-in. OROP 
Start of Stroke Stert of Stroke 
FIG. 5. Fic. 6. 


Fig. 5 shows a test on the same undercarriage and under identical condi- 
tions with the exception that the straight orifice has been replaced by a bell- 
mouthed orifice of slightly less cross section area. This reduction in area has 
been made to allow for the contraction of stream which takes place in the sharp- 
edged type of orifice and to bring the results of the two legs into a better condi- 
tion for making direct comparisons. Fig. 6 illustrates a further test carried out 
on the same undercarriage, but in this case the orifice is of conical form. The 
result is inferior to any previous test, the rebound approximating to practically 
one-half of the total leg travel. 

It may be difficult to appreciate the reason for uniform resistance on legs 
where the taper needle has been deleted. The explanation of this is tyre effect. 
The tyres absorb energy at the beginning of the stroke and return this energy 
at the end of the stroke. This interchange of energy is accomplished by a reduc- 
tion of piston velocity at the beginning and an increase in piston velocity at the 
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end. In other words, the velocity of the piston relative to the cylinder is made 
nearly constant. 

It would be unfair to generalise from these results, but it appears that the 
tapered needle control does at least provide a leg which does not suffer from 
rebound and, from these tests, I am led to believe that a tapered needle control, 
used in conjunction with a belled-mouth orifice, will give better results than 
any of those tests illustrated here. 


Compression Rubbers 

The width of oleo legs is generally governed by the size of the springing 
medium. The most usual form of springs are compression rubbers, steel spring 
and compressed air. Each of these springs has its advantages, but the system 
more largely used than any other, and one which has immediate possibilities of 
considerable development, is compression rubber. 


GY 
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One of the disadvantages of compression rubber is the large increase in 
width when subject to compression and this has resulted in rather wide fairings. 
The Gloster Aircraft Co. have experimented with a new shape of rubber designed 
to minimise the spread. Fig. 7 shows the new type of pad in which the sides 
are slightly concave. It has been found that the depth of concave is critical and 
the approximate saving by this method is 10 per cent. of the leg width. 


New Shock Absorber Leg 


An important reduction in size and weight of the oleo leg will result if a 
new system of spring location proves satisfactory. It is obvious that consider- 
able benefit would be obtained if the size of shock absorber legs could be reduced 
to the smailest possible width consistent with strength requirements. In 
developing the feilowing system a machine of 3,500 lbs. total weight was taken 
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as a basis and the simallest permissible size of steel streamline tube was deter- 
mined. Having arrived at these set conditions it was necessary to find a shock 


absorbing and springing mechanism that could be totalivy enclosed eithiin the 
strut. 

The result of this work is shown on Fig. 8. This system consists essentially 
in coupling together two columns of rubbers. These columns are placed vertically 
one above another and, when the ieg is subject to load, the two columns compress 
simultaneously. The load is divided equally between the two columns and this 
gives sufficient reduction in cross section of springing to permit accommodation 
inside the strut. 


Fia. 8. 


With this system the load-carrying member also forms the fairing and this 
has resulted in saving considerable weight. The complete unit is about one-third 
the width of any leg previously designed to carry a similar load. 

The arrangement shown has provision for a 5-inch initial travel on the oil 
dashpot and a further 4-inch travel on the compression rubbers, mz iking a total 
leg compression of nine inches, 


Intensity of Brake Loads 


There are certain economical limits to the intensity of braking. It can be 
shown that the horizontal load acting at the wheel periphery should not exceed 
the vertical static load figure or fall below 0.4 of that value. 

Fig. 11 illustrates this point and it wiil be seen that any increase above the 
high figure wil! not appreciably shorten the length of run, while any decrease 
below the low figure will increase the length of run to pull up very considerably. 


Wheel Brakes 


The equipment of brakes to the undercarriage has brought some new 
problems, many of which still await a satisfactory solution. 
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Considerations of the machine nosing over have given designers some caust 
for anxiety and, in consequence, the wheel positions have been moved further 
forward of the C.G. Several schemes have been mooted where brake operation 
is carried out from the tail skid or through a tail skid controlling device in which 
the brakes are automatically cut out when the tail rises from the ground. It 
has been found that these refinements are not warranted and the possibility of a 
machine nosing over, even in the extreme case of sudden application of the brake 
load, is very remote. The above statements are borne out in practice and this 
confliction with the theories usually held is due to ignoring the dynamical aspects 
of the case. 


Servo Brakes 


One of the first requirements of wheel brake installations is the provision of 
sufficient power at the brake shoes to create that amount of friction between 
ground and tyre which will stop the aircraft in the shortest time. 

With restricted leverages in the cockpit, especially if the brake operating 
pedals are mounted on the rudder bar, it is almost impossible to operate the 
brakes to anything like maximum efficiency. 

To assist the pilot in applying the brakes there are three Servo systems 
available :— 

(1) Power produced by the engine (vacuum type). 
(2) Power stored on the machine (compressed air or fluid under pressure). 
(3) By using the inertia of the moving aeroplane. 

In the case of vacuum energised brakes, these can be ruled out because they 
suffer from the disadvantage that if the engine cuts out there will be no brake 
power. With hydraulic or pneumatic energisers there is the danger of tank, 
pump, or pipe leakages, besides the greater weight of equipment. The third 
method, using inertia of the moving acroplane, appears to be the soundest solu- 
tion for aircraft purposes. Here is stored up a large portion of the energy which 
the engine has given off and which has been paid for in fuel. The energisers 
can be part of the brake members themselves and in this case there is no addi- 
tional weight to carry, no complications involved and the possibility of failures 
very remote. When viewed in this light there can be little gain from the use 
of systems other than the mechanical Servo with self-energising elements. 

The requirements of aircraft brakes are different in many ways from those 
in use on automobiles. A few pounds of additional weight is of little conse- 
quence on an automobile and the vertical travel of wheels is quite small com- 
pared with that on aircraft, hence the difficulty of providing satisfactory pipe 
line systems. Four-wheel braking systems are now standard equipment on 
automobiles and the advantage of hydraulically operated brakes is apparent since 
the braking load on each wheel is thereby equalised. This condition is not 
essential for aircraft work because the greatest value of aircraft brakes lies in 
the ability to place unequal loads on the wheels to facilitate steering. It will 
be appreciated that the very features which make certain Servo systems of value 
on automobiles are of no great advantage on aircraft, and it appears futile to 
carry extra weight of equipment and put up with additional complications when 
a simpler and lighter system can do the work quite as efficiently. 


One type of mechanical Servo is the Bendix Brake Shoe System. The 
primary shoe is articulated to the secondary shoe and is not anchored to the 
backing plate. When the machine is running forward a powerful energising 
action occurs in connection with the primary and secondary shoes, due to the 
action of the primary shoe through its point of attachment to the secondary shoe. 
With this system a mechanical advantage of 2.5: 1 is obtained. 
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Brake Reaction 


A difficult question is that of providing a suitable structure for taking brake 


torque. The usual type of undercarriage consisting of oleo leg, radius rod, 
straight axle and cross bracing is not in itself a suitable structure if the joints 
remain articulated. A simple conversion can be made by rigidly anchoring the 
radius rod member to the brake reaction plate and taking the torque by bending 
of the radius rod. This additional load will necessitate strengthening the radius 


rod, but this strut can be fabricated in high tensile axle tubing reinforced at the 
wheel end to thicken up the section at the point of maximum bending, and in this 
manner the increase in structure weight can be kept very low and no increase 
made in the undercarriage resistance. 


9. 


A number of designs employ additional struts or wires for taking the brake 
loads and some of these systems are shown in Fig. 9 The Ford system shows 
up the disadvantage of brake equipment, for not only has the undercarriage 
structure increased in weight and a limit placed on the wheel travel, but the drag 
of the component has gone up appreciably and additional complications in design 
and manufacture have been incurred. 

The type of split axle undercarriage, used almost universally in America, has 
many advantages which we have not fully appreciated. Besides providing a 
very clean arrangement with a minimum number of fittings and the complete 
elimination of wires, this system provides a sound method for taking brake loads 
when the structure is a deformable one. 


Rigid Undercarriage Structures 

From every point of view the rigid undercarriage structure can show 
improved characteristics over the conventional type, using deformable structures. 
This class of undercarriage is ideally suited for taking brake equipment, while 
the members can be made very slender and of low aerodynamic drag. The body 
connections can be finely faired, thereby reducing interference to a minimum. — 
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With a rigid structure it becomes necessary to provide wheels with internal 
i It is upon the provision of satisfactory springing 


or equivalent type springing. 
internal 


mechanism that the success of this project hinges. Wheels with 
springing have been designed in various forms, the earliest designs being those 
produced for automobiles. The need for such an aircraft wheel is much greater 
than for automobiles since the very reasons that make it of value for aircraft 
work are not met with on automobiles. 

With the exception of the De Havilland ‘‘ Tiger Moth,’’ there has been no 
other British machine produced with a rigid undercarriage structure. That such 
a development is logical and worth while can be appreciated by the considerable 
reduction in resistance and weight thereby effected. 
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FIG. 10. 


Several types of aircraft show present undercarriage designs in an unfavour- 
able light and one example is shown in Fig. 11. This machine is a torpedo 
carrier and illustrates the typical landing gear employed on this class of machine. 
The limitations governing the design of these undercarriages necessitates the 
use of .a complicated structure and one in which the wheels have large lateral 
movements. The multiplicity of struts must be a source of considerable dis- 
turbance to the air stream and on a load/resilience and load/weight basis the 
structure is inefficient. The only solution to this difficulty would seem to be a 
rigid structure with sprung wheels. 

When deformable structures are employed it is generally found that the 
shock absorber leg lies in the disc swept through by the airscrew, and the 
disjointed nature of the members, at their point of juncture with the body, 
undoubtedly mutilates the air stream and makes a large contribution to the 


undercarriage interference losses. 
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In the Tiger Moth machine the undercarriage design is more daring than 
it should be tor making a_ strict comparison with the non-rigid types. 
The substitution of bracing wires for axle would not be favourably ac- 
cepted save for record breaking. purposes, but this point will not detract from 
the value of the system under review. In this machine the shock absorber 
leg has been eliminated from the slip stream and replaced by a fine strut of 
small cross section. ‘The parasitic structure lying within the slip stream has 
been materially reduced and a close inspection of the strut junctions, merging 
into the body, will show that considerable improvement in cleanliness has been 
made. Incidental to these advantages, al] hinged joints have been eliminated and 
this has made for a simple and cheap structure. 


Several Continental manufacturers have used undercarriages incorporating 
internally sprung wheels and some of these designs are illustrated on Fig. 12. 
The vertical] travels are much smaller than those employed on English aircraft 
and—in every case—the springing consists of rubbers in tension. 

Fig. 13 shows the Curtiss ‘‘ Sea Hawk,’’ a machine equipped with internally 
sprung wheels of Curtis design. This class of wheel has received some attention 
in America, but the exact lines on which the work has been carried out are noz 
known. 

The all-metal disc wheel, which has been recently marketed, is likely to prove 
of great value because of the large internal space available for stowage of 
springing, shock absorbing and brake mechanisms. The placing of these items 
within the whee] will not only free the mechanism from drag but also locate the 
shock absorber and springing in its most favourable position. 

The design of internally sprung wheels having large vertical travels is not a 
difficult problem. Fig. 14 illustrates a suggested design of internal assembly 
consisting of compression rubber springing, oil dashpot and wheel brakes, This 
design is for a 30 by 5 inch wheel and a 7-inch vertical travel is provided, 

This wheel has three distinct relative movements. The axle, struts, central 
guide, oleo cylinder and top beam are stationary. The two side plates carrying 
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the two hubs and lower beam have a vertical movement about the central guide. 
The tyre, rim and side discs rotate on the two hubs and move vertically, when 
subject to landing loads, against the action of the compression rubber springing. 


WIG. 12. 


The inflation valve is carried through the side discs and access to the dashpot 
filler and hub lubricator is provided by means of holes in the outer side disc. 

The compleie lay out has been largely influenced by considerations of accessi- 
bility and ease of construction. The complete unit, with brakes, can be detached 
from the undercarriage by removal of one bolt. 
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An advantage claimed for internally sprung wheels is the simplified method 
of shock absorber removal. On conventional types of undercarriages the replace- 
ment of shock absorbing or springing mechanism necessitates slinging or jacking 
of the complete aircraft. In service this must be a troublesome job. When 
a rigid structure is employed, the wheel, with shock absorber, can be readily 
detached by jacking the machine under the axle or hub fitting and removing one 
bolt. This operation is somewhat less difficult than removing an automobile 
wheel and the advantage over present methods will be appreciated. 

The equipment of brakes to a wheel with internal springing does not present 
any difficulty apart from their operation. In the design illustrated, the brake 
system is quite separate from the other portions of the wheel and may be regarded 
as a self-contained unit. On this type of wheel the brake system is always 
rising and falling relatively to the structure, and special provision has to be made 
to permit continuous brake operation. 

One means of accomplishing this is shown on Fig. 15. The splined hub fitting, 
carrying the undercarriage structural members, is provided with a bracket on 
which is mounted a twin lever. One arm of this lever is connected to the pilot’s 
control, the other arm carries a roller which is in sliding contact with a vertical 


member. This vertical member is mounted on two arms, so that it will have a 
parallel motion. The upper arm is connected to the brake shoe expanding cam 
while the lower arm is a dummy. It will be seen that the brake can be held 


in any desired position, irrespective of the wheel movements. 

Conventional types of undercarriage are seldom capable of taking brake equip- 
ment without modification to the structure, and it is usually found that the provision 
of brakes results in a 25 per cent, increase in undercarriage weight. This in- 
crease is only partly due to the weight of brake drums, shoes and operating gear. 
At least one-third of the increased weight can be attributed to the heavier structure. 
On the other hand, a rigid structure is better suited for taking brake equipment, 
and it is possible for the brake loads to partly relieve the landing loads in the 
structure members. This advantage, combined with the simplified constructional 
features, enables a rigid undercarriage to show a marked saving in weight over 
other forms employing non-rigid structures. 

It can be stated that vertical travels, at least equal to half the rim diameter, 
can be provided on internally sprung wheels. There are alternative arrangements 
for the spring location in which the mechanism is carried externaily and faired 
into the wheel side. Such designs are not so clean because the wheel unit is 
not symmetrical. 


Conclusion 

A very large scope exists for improvements to the undercarriage. During the 
next few years the undercarriage resistance will be reduced to one-half and the 
weight to two-thirds their present values. 

This paper has only referred to the large improvements that are possible. 
There are many smaller points which are.equally worth attention, A case in 
point is that of axle caps. Many designers are now employing the flush type 
of cap with an internal structure within the axle. The reduction of drag is quite 
appreciable and there is also a slight saving in weight. 

The only way to make improvements is to fix definitely in one’s own mind 
what is unsatisfactory with present-day products. A good method of approaching 
this problem is to write down what is wrong with the article you are making or 
the thing you are designing. It may be that you cannot get them fixed all at 
once, but until vou know and recognise that there is something wrong and that 
it needs to be improved, vou have no centre point around which information and 
facts will ecrvystallise. 
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R 100 
BY 
R. B. BRIGHAM, Esgq., A.R.AE.S. 
(Late Assistant Chief Inspector at Howden) 
(Lecture delivered before the Yeovil Branch on Thursday, December 5th, 1929.) 


The lecturer opened with a brief and general description of R.100, which 
has an overall length of 7og ft. and a diameter of 133 ft., with a cubic capacily 
of 5,250,000 cu. ft. There are three power cars, each with two engines. These 
cars are situated at a considerable distance fore and aft from the passenger 
accommodation, and there was therefore a minimum of noise and vibration in 
the latter. The ship contained some 11 miles of special spiral seam tubing. 
Her displacement was 156 tons. In the Graf Zeppelin the cross sectional area 
of the girders equalled some 12 sq. ins., whereas in the British ship the cross 
sectional area amounted to 3 sq. ft. 

There were sixteen main longitudinals and sixteen transverse frames made 
in the form of spiral strip duralumin tube girders. They had first thought of 
using solid drawn tubes, but they at once realised the impossibility of obtaining 
these in lengths of from 50 to 60 ft. to the necessary fine limits at anything like 
a reasonable price, in addition to which there was the difficulty of transit. Mr. 
B. N. Wallis designed a special machine for making the spiral girders from 
duralumin strips 11 ins. wide to 60 ft. long and 0.056 ins. thick for the main 
girders. Other girders were made from material 0.032 ins. for the thinnest and 


0.04 ins. for the thickest. The first operation was to joggle the edge and the 
strips were then fed into rollers and coiled on to a mandrel. Two compressed 


air drills made the holes for the rivets at the correct pitch and rivets were 
inserted at about every 6 ins. to hold the spiral in position. The actual complete 
riveting was carried out on special machines operated by unskilled labour. The 
tubes were placed on a bar some 20 to 25 ft. long through the centre of which 
rivets were fed through a copper tube by compressed air. The rivets were fed 
into the holes and then closed on a suitable recess in the bar. 

The girders were built up from three large tubes 25 ft. long for the trans- 
verse members and 45 ft. long to 50 ft. long for the longitudinal members. They 
were built up in wooden jigs, the three tubes being arranged at the corners of 
an equilateral triangle and braced together by members formed of pressed 
duralumin. These struts were first held in position by 2 B.A. bolts and then 
finally riveted. The main bracing girders formed the main frames of the ship 
and at the junction of thé transverse and longitudinal girders was a fitting which 
they called the main joint. It consisted of two ‘ spiders ’’ each with three 
arms for taking the three tubes of the main girders, one spider for the longi- 
tudinal members and the other for the transverse members. The couplings con- 
sisted of extruded duralumin tubes, the ends of which were threaded and pro- 
vided with locking rings for adjustment. The main joints also provided 
anchorages for the many bracing wires which met at these points. There were 
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sixteen transverse girders making up each transverse ring of the ship and 
therefore sixteen main joints and spiders. 

The ring was made on the floor of the shed and was first marked out with 
the size and the position of the main joints shown. When the ring was complete 
it was hoisted to the vertical position, but before it was raised the radial bracing 
wires were placed in position. A main bracing wire ran from each main joint 
to a centre fitting and a series of catenary wires were fitted from end to end of 
‘ach of the transverse members, these wires being some 2 ins. diameter steel 
cables. They were anchored to Brunton’s Trulock fittings, a very successful 
device to which as many as eight steel ropes could be anchored with a fitting 
not more than 24 ins. in diameter. From the catenary wires to the centre fitting 
was stretched a series of 4 in. piano wires which were left with 6 ins. of slack. 
Finally all these radial wires were connected up by circumferential wires, making 
a wire mesh netting like a spider’s web. The completed ring was hauled into 
position by means of a main purchase from the centre of the “roof and with the 
help of various tail ropes hitched on to the main joints. When several frames 
were in position the work of inserting the longitudinals could proceed. In order 
to accommodate the corridor in the bottom section of the rings, the catenary 
wire was allowed to form a different shape in this section. 

The adjustments of the structure were made by means of the coupling nuts 
of the main joints, which were something similar to ordinary pipe joints, with 
left and right hand threads. They had found that with the aid of a little lanoline 
on these threaded joints no trouble was experienced in making the necessary fine 
adjustments. There was only a } in, diameter tolerance on the rings, which 
were 133 ft. in diameter. 

One of the slides depicting the rings resting on small trestles on the floor 
before erection showed a series of 56 Ibs. weights. The lecturer explained that 
these were used for proof-loading the frames. The main longitudinal girders 
were cross braced with shear wires, which were actually from % in. to ? in. 
diameter steel ropes. These shear wires were, however, not subjected to any 
initial tension, and in view of the impossibility of applying a tension meter of 
the usual kind to wires of this size they were pulled together by means of a 
special apparatus which indicated the actual load on the wires, after which the 
usual stvle of turnbuckle was inserted. The mesh wiring of the rings, including 
the main radials and the catenaries with the piano wire netting served to keep 
the gas bags in position in a fore and aft direction. The longitudinal members 
were also interspersed with wire mesh for a similar purpose. 

Right through the centre of the ship was an axial girder. This girder ran 
through the inside of the gas bags, which were provided with a tunnel sur- 
rounding the girder, and this member not only served to connect up the fin 
structures, but was also of great assistance in erecting the gas bags. Whereas, 
when they were building the R.33, if three men were seen together on one 
joint there was liable to be trouble, it was often necessary for eighteen to twenty 
men to be along one girder in the course of the building of the R.100, and this 
gave an idea of the relative strengths of the two ships. 

Work was reached by means of ladders down from the roof and round the 
irames. A cat-walk along the top of the ship, some nine inches wide only, was 
of great assistance in enabling the men to move about, and they soon became 
accustomed to walking along ‘this cat-walk at a great height in the air. 


The sections of wire mesh, which encased the ship, were built up on the 
floor of the shed in segments; each of these segments formed a shape, which 
when developed formed part of the surface of a cone, corre sponding with the 
taper of one portion of the ship, and when complete the section of wiring was 
wrapped round the ship and finally anchored in position. Thus the whole ship 
was covered with a wire mesh of about 1 ft. between wires. 
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A great point in the construction of the R.100 was that from ring 4 to 
ring 12 aft, all the longitudinal girders were interchangeable, both as regards 
length and curvatures, and were built on the same jigs. 

The fins were first built up on the floor of two bays of the shed. Such large 
surfaces could not be just tacked on to the outside of the ship, and an internal 


structure was necessary to carry them. This structure took the form of 
cruciform or starfish girders, which ran right through the rear of the ship. The 


two horizontal and two vertical girders met in the form of a cross in the centre 
of the ship, where they tied with the axial girder running from forward right 
aft. The starfish girders formed a rigid frame crossing the main structure at 
rings 13, 14 and 15. 

As distinct from aeroplane practice, the fabric used was not doped after 
being stretched in position, but consisted of ready rubberised fabric, which was 
stretched into position by a series of flax cords. When the seams were brought 
together they were covered with sealing strips and this method gave rise to the 
appearance of stripes which had been noted on the R.1o1. The fin surfaces were 
covered by zigzag wiring and the fins were anchored to the main structure by a 
series of streamline wires, which wires were coupled to ropes running round 
the ship, and the fins were thus anchored to the structure by these wires only. 

The elevators and rudders were balanced and were operated by means of 
four small variable gear boxes. The ratio of the gears varied from 30 to 1 to 
300 to 1, and the gear was of the eccentric type consisting of a heart-shaped 
pinion and curved racks. 

In spite of the enormous sizes of the control surfaces, the control cables 
were only 10 to 15 ewt. cables, i.e., smaller cables than were used in aeroplanes. 
These cables were operated from a steering engine in the control car, and only 
required a pressure of some 4 lb. on the hand wheel in order to move the surface 


through some 30°. The main control wheels were about 4 ft. in diameter and 
so light has the mechanism proved in operation that the weight of 2 Ib. on the 
spokes was sufficient to revolve the wheels and operate the controls. The surfaces 


were returned to normal by means of long springs anchored to the inside of the 
fins. 

The R.100 was the first ship built which incorporated the system of ventilators 
to relieve the internal pressure on the gas bags. He recalled that the accident 
to the Shenandoah was caused through the ship being unable to get rid of the 
superfluous gas due to sudden expansion through the normal gas valves, and 
it was expected that the new system of ventilation, by means of which air was 
admitted to the interior of the ship by means of gauze windows, would obviaie 
this difficulty, as the internal pressure would be equal to the external pressure 
of the atmosphere. 

Returning to the description of the gas bags, the lecturer showed a slide in 
which the gas bags were shown slung up on the axial girder. They had to be 
placed in position during the building of the ship, and had been in place some 
twelve months before the ship was completed. Some of the bags weighed as 
much as a ton each; they were 133 ft. in diameter and 4o ft. long and thus the 
work of inflation was by no means a simple one. 

The passengers enter the R.1oc through a door in the nose of the ship, 
and the gangway was enclosed in a canopy. This was a considerable improve- 
ment over the entrance provided into the R.1or from the mooring mast which 
was quite open, and the sensation of being in mid-air at that height was apt to 
prove rather emotional to the passengers. 

The passenger saloon was slung from the main joints of the ship and seated 
some 50 people comfortably. There was not room to seat 100 together so 50 
were seated at a time. Mr. Brigham then described the passenger accommoda- 
tion, and the electric kitchens provided; from the saloon with its polished 
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mahogany veneer pillars and five-ply birch floor, which was polished and 
carpeted, staircases led up to the cabins and down to the control car. The 
passengers’ cabins were arranged round the saloon and on the upper deck. The 
cabins were either two-bunk or four-bunk. Lavatories and washing arrange- 
ments were situated forward. A majority of the fittings were of balsa wood, 
and the ship was lighted and heated electrically. The heater elements were 
arranged to be placed in any position where there was a draught, the only 
position in which they were of any use. 

The wiring system had received particular care and attention with a view 
to eliminating any possibility of sparking. The majority of the cables were 
Lin. diameter braided aluminium carrying current at 220 volts, and so designed 


that if by any chance a cable should be cut no sparking would take place. The 
Metropolitan Vickers Co. had designed special fittings which were quite gas- 
tight, and although rather bulky they obviated the danger of sparking due to 
possible breakages. The passenger saloon was decorated with fireproof 
distemper. 

The passengers were not allowed aft, and indeed they would not wish to 
pass along the 12 in. cat-walk which was the means of communication aft. 
Mr. Brigham said that he did not think there would be any cases of air sickness 
as there would be no rolling motion on such a ship. : 

The engines were Rolls-Royce Condors of 650 h.p. each, placed back to 
back in the power cars, one driving a tractor and the other driving a pusher 
airscrew. A gas starter was provided in the car and the aft engine was provided 
with a gear box which allowed for reverse running. The gear box itself weighed 
some 300 Ib. The propellers were 17 ft. in diameter. The radiators, which 
were the largest radiators ever built in this country, were made retractable to 
suit the climate in which the ship was flying. Potts’ oil coolers were fitted and 
proved very satisfactory. In each of the two wing cars were installed A.C. 
motor car engines of 60 b.h.p. direct-coupled to D.C. dynamos for providing the 
current for lighting and heating. Each car weighed about 24 tons. The three 
cars, therefore, weighed 74 tons in all, which compared with some 22 tons in 
the case of the R.1o1. The power cars were connected to the main joints of 
the ship by four compression struts and also by drag and anti-drag wires. Access 
to the cars from the ship was by means of a specially designed streamline ladder. 
Closed companion ways from the cars into the body of the ship were prohibited 
on account of the possible danger from fire. The air flowing between the power 
car and the ship was supposed to form a fireproof bulkhead. The streamline 
ladders mentioned were about 21 in. wide by 6 in. across when closed, and when 
opened formed a partly protected means of communication. The car accom- 
modated six people in reasonable comfort, and work was possible on the engines 
when the ship was in flight. The car was a simple structure composed of square 
girder work with plate coverings. 

In the control car were the large control wheels for operating the elevators 
and rudders and also the wireless apparatus, including a very complete directional 
set. Alongside the control car were handling rails, and the car itself was built 
on to the passenger saloon, which was reached by a staircase. In the car were 
the controls for operating the water ballast, the manoeuvring valves, the ship’s 
telegraphs to the engineers in the power cars, etc. There were 18 water ballast 
bags provided, each with a capacity of one ton. Four bags were situated at 
frame three, ten at the control car and four at frame twelve. The controls to 
the various stations were taken through fairleads, and springs were inserted 
to take up any stretch as it developed. The main control wheels for the elevators 
and rudders were provided with a declutching device and transmitted motion to 
the steering engine which really consisted of a reduction gearing by means of a 
chain running on sprockets. 
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The gas bags themselves, of which there were sixteen, had a double covering, 
the exterior one of Egyptian cotton and the interior one of goldbeater’s skin, 
Che growth of the goldbeater’s skin caused the gas bag to be sealed perfectly 
after it had been made up. ‘the exterior fabric covering of the ship was of 
rubberised fabric and had a tensile strength of 40 tb. to the inch. The covering 
was not pulled quite taut, but was anchored to the wires by means of L-tapes 
and was allowed to sag when stretched between two points in order to the better 
take the load. 

With regard to the method of mooring, a 7oo ft. steel hawser was first 
dropped from the winch mooring platform forward, when the ship was flying 
at a height of goo ft. The forward engines were run throttled down and the 
rear engines were placed in reverse. A cable was paid out from the mast and 
connected up to the mooring cable of the ship, which was then hauled in. 
Side ropes were run out to help guide the ship up to the mast and she was 
eventually hauled in and attached to the mast by means of a_ bucket-shaped 
structure on the nose, known as the dewdrop. The mooring gear was designed 
to withstand a gale of 100 miles per hour. 

The ship would trim better at night owing to more even temperatures, 
Rain also upset the stability of the airship and trim had to be maintained by 
the release of water ballast or by use of the manoeuvring valves. The gas bags 
were not filled completely full, but to some 80 per cent. of their full capacity to 
allow for expansion in high temperatures. 


DISCUSSION 


Mr. R. A. Breucr asked regarding the extent to which anodising treatment 
was used on the R.100. The ijecturer replied that it was impossible to anodise 
the long tubes of 4o ft. to 50 ft. in length and these had been carefully treated 
with Pinchin and Johnson varnish which had proved fairly effective against 
corrosion. Some slight cases of corrosion had been noted, probably due to the 
humidity of the atmosphere in the shed which was below sea level, but such 
difficulties had been got over by re-varnishing. Pulley and other small parts had 
been treated by anodising. 

A member asked how the alignment of the hull was checked during 
erection, and Mr. Brigham explained that this was done by means of a theodolite 
erected on a platform and pointed at targets on the main joints. By this means 
the alignment of the complete ship in a fore-and-aft direction was trued to 
within 4 in. In a total length of 7o9 ft. the truing up was facilitated by means 
of the joints with the screwed nuts already mentioned. These nuts were pro- 
vided with a series of holes drilled round their periphery which allowed fine 
adjustments to be made readily. The shear ropes were not used in truing up the 
structure in any way. 

Mr. R. A. Bruce asked whether they had had any trouble with expansion 
due to local temperature conditions. Mr. Brigham replied that they had had 
such trouble on hot days, where the expansion of the shed was more than that 
of the ship. Owing to the expansion of the roof trusses they were continually 
having to pull the members into alignment. 

Captain Hitt asked whether there were any adjustments provided on the 
iengths of the struts. The lecturer replied that no adjustment was provided, and 
also mentioned, in passing, that the 18-ton wire used in the shear wires was 
only loaded to 9.6 of a ton. 

The question was asked as to whether the 7oo ft. long control wires did 
not present some difficulty in their operation. Mr. Brigham replied that the 
system was tried out first on the ground and that the gear box solved the diffi- 
culty. Backlash was taken up by springs. The gear boxes were not 
operated by power, but by the large hand wheels in the control car, and the use 
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of such light cables was made possible by the large reduction in the gearing, 
namely, 300 to 1. The main centrol wheels make a large number of turns in 
moving the elevators through 30° and the time taken for such elevators would 
be in the neighbourhood of 30 sec. The steering engine itself merely consisted 
of a reduction gear. 

Reverting to the question of corrosion, Mr. Bruce inquired whether their 
difficulties had proved serious in this connection. Mr. Brigham replied that the 
varnishing had proved successful. In spite of the criticisms Jevied by Mr. 
Spanner, the girders had been provided with small inspection patches, and by 
means of the use of a small looking-glass and a light the interior of the girders 
could be inspected for corrosion. 

Another member asked how the ship was held down after it had been taken 
in the shed, and Mr. Brigham explained how hawsers were lowered from the 
mooring platform and the machine anchored to the ground under the instruction 
of the coxswain on board. Underneath the cars were large bumping bags which 
served as buffers or fenders to prevent the ship damaging herself against the 
ground. 

The petrol system was so arranged that petrol could be pumped along from 
one portion of the ship to another to help balance the ship. Pumps were provided 
for effecting this transfer. The water ballast would not be so transferred along 
the keel of the ship. The lecturer here mentioned that the petrol tanks were 
made of aluminium with a joint in the centre, the material being 0.02 in. thick. 
Each tank carried one ton of fue! and weighed 82 Ib. It was provided with 
rather an elaborate internal structure of duralumin metal plates and steel tubes, 
specially designed to prevent the tank from bulging or distortion of any kind. 

In answer to a further question regarding the method employed for showing 
the amount of fuel in the tanks, the lecturer replied that the coxswain had to 
keep a careful eye on the contents of the tanks and it should be remembered 
that the consumption amounted to about one ton per hour. There was a tell- 
tale on each tank operated by a floating ball and lever. The petrol pipes were 
of aluminium throughout, and it would be interesting to watch the results 
obtained. In the R.1or the aluminium pipes had been replaced by pipes of 
copper. 

In reply to yet another question, Mr. Brigham stated that the structure 
weight of the R.100 was greatly superior to the structure weight of the R.1o1, 
which was built of stainless steel tubing of 2 in. diameter. Alpax castings were 
not used to any extent. The aiuminium bollard, to which the jack stays were 
anchored, were the only castings of any size’ used. 
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THE TESTING OF SEAPLANES AND FLYING BOATS 
BY 
L. P. COOMBES, B.Sc., A.C.G.I. 


(Lecture read before the Hull and Leeds Branch, December, 1929.) 


Introduction 

The field covered by the title of this paper is a very comprehensive one, 
and is too large to be dealt with in a single lecture. Only certain aspects of 
the subject, therefore, will be dealt with, and very brief reference made to such 
tests as have been described in other papers. 

The subject naturally falls into three divisions :—Ground tests, tests on 
the water, and aerial tests, and it will be convenient to dea] with them in this 
order. The methods of test described are those in use at the Marine Aircraft 
Experimental Establishment, Felixstowe, the official seaplane testing station, and, 
as far as is known, these methods are as up to date as those in use in other 
countries. 

If it is felt that gaps exist on which information is desired, the inquirer 
is referred to Squadron Leader England’s lecture on ‘* The Practical Side of 
Performance Testing of <Aircraft,’’ which was published in the Aeronautical 
Society's Journal of January i928, and to other papers which are mentioned. 

This paper is an expression of my personal opinions, and does not neces- 
sarily reflect the views of the Air Ministry. 

Ground Tests 

The normal procedure for aircraft is followed. When a new seaplane or 
flying boat arrives for test, its tare weight is taken by weighing it drained of 
oil and fuel, but with all the water required for engine cooling. The fixed equip- 
ment is checked against the appropriate Appendix ‘‘ A’’ and any discrepancies 
allowed for. Great trouble is taken with the weighing, and the weigh-bridge 
frequently checked with standard weights. In the case of convertible land air- 
craft, a check is usually obtained from the weight determined at Martlesham 
Heath by allowing for the known difference in weight between the land and 
marine chassis. 

The seaplane is then loaded in accordance with an Air Ministry weight 
sheet, and, as far as possible, either actual equipment or accurate mock-ups 
are used. The crew are also made up to an average weight of 180lbs. each, 
and the centre of gravity position is then determined. 

This determination is slightly more difficult than in the case of land aircraft, 
as, unless the seaplane is an amphibian, it must be supported on its bench trolley 
or handling chassis... As the bench trolley may weigh as much as 30 to 4o per 
cent. of the weight of the seaplane itself, the correction due to its presence is 
large and is to be avoided if possible. To this end, a suspension method has 
been developed and is employed very frequently. Such a method is easily appli- 
cable as nearly all seaplanes are fitted with slings. The seaplane is suspended 
on a special device consisting of a central spindle round which revolves a frame 
carrying two plumb lines, which are hung over and clear of the leading edges 
of both planes. The operation is shown in Fig. 1, and in Fig. 2 is shown a 
closer view of the scales on which the distance between the plumb lines and the 
leading edge of the lower plane, is read. By subtracting this distance from the 
known distance of the plumb lines from the spindle, the distance between the 
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L.E. and the reaction passing through the C.G. is known. In practice, with 
the shed doors closed, very little swinging of the aircraft occurs, and the scales 
can be easily read to one-twenticth of an inch. The angle of the aircraft is 
taken by one of the crew, and the operation repeated with a known weight hung 
from the tail, and then with weights on the bows of the floats. The resultant 
of these three reactions defines the required position. This method is very quick, 


in that it takes only about an hour to an hour and a quarter to do three positions ; 
is convenient as only one or two men are required for handling as against ten or 
more for the two-weigh-bridge method, the computation is much less, and it is 
very much more accurate as it is independent of the accuracy of any weighing 
device. The average accuracy is of the order of one-tenth of an inch in the 
horizontal position and half-an-inch in the vertical position of the C.G. At 
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Felixstowe the method is used for seaplanes weighing up to five tons, but there 
is no reason why any aircraft which can be slung should not be so tested. 

With large flying boats, the normal method of reactions is used, but in order 
ty tilt these great aircraft, which may easily weigh 20 tons on trolley, a large 
hydraulic jack is provided in the floor adjacent to the weigh-bridge. This is shown 
in operation in Fig. 3. 

Providing that the C.G. falls within the Airworthiness Clearance limits, the 
seaplane is ready for flight, and type trials are commenced, 


Fig. 4. 
Tests on the Water 


Take-off Tests.—These are by far the most important tests of a seaplane. 
With land aircraft, many instances have occurred in attempts at long distance 
flights of the aeroplane being able to take-off, but then being unable to climb 
beyond a height of about half the wing span. With seaplanes having vee 
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section planing bottoms, on the other hand, the take-off is the factor usually 
limiting the weight, and many boats are stressed up to weights at which they 
cannot take-off in practice. 

In type trials, both the distance and time to take-off are measured, though, 
usually, the time is more important than the distance. The time is taken by 
an observer with a stop-watch, as this simple method is found to be quite accurate 
enough, Automatic methods have been tried, depending on electric contacts in 
the bottom of the hull, but, while ingenious, they are unnecessarily elaborate. 
The length of run is much more difficult to measure. When the wind is in a 
favourable direction, the distance is determined by taking simultaneous bearings 


from two shore stations. The bearings of the commencement and end of the 
runs are afterwards plotted and the lengths of run scaled off. When the wind 


direction is at such an angle to the shore base that accurate intersections are 
not obtainable, aerial photography is resorted to. The seaplane takes off, while 
another, fitted with an aerial camera, takes a photograph of the wake. If the 
length of take-off is short, the complete take-off can be photographed on one 
plate, but if long, the wash disappears, and one photograph soon after opening 
up, and one just after taking off, are necessary to define accurately the two ends 


of the run. The aircraft takes-off near some fixed objects, such as buoys or 
gantries, so that the two halves of the run can be pieced together. If fixed 


objects are photographed, the scale of the picture can be determined from them, 
otherwise the span of the seaplane itself will have to be taken as the scale for 
measurement. Fig. 4 shows an actual photograph of the wash of a seaplane 
taking-off and it will be seen that the measurement is quite definite and quite 
good accuracy should be obtainable. 

Before proceeding to discuss take-otf tests it would be as well to make some 
reference to the factors affecting the take-off of a seaplane. During a take-off 
three forces are at work, the airscrew thrust, the air drag and the water resis- 
tance of the hull or floats. Fig. 5 illustrates this graphically, and is drawn for 
a large twin-engined flying boat. The airscrew thrust decreases slowly, the air 
drag increases also rather slowly, but the water resistance increases rapidly 
up to the hump speed and then falls off again tll it is very small at take-off 
speed. The equation of motion is :—T— D—R=(IV/g¢ )x, where T is the thrust, 
D the drag and R the water resistance and II’ the weight of the seaplane. In the 
lewer diagram of Fig, 5 the acceleration is plotted, and it will be seen that the 
acceleration is very great at the start, but falls off rapidly as the water resistance 
increases. It is a minimum at the hump and then increases slowly till take-off speed 
is reached. If the take-off equation is integrated, either by expressing the thrust, 
drag and water resistance as functions of I’, or by graphical or step by step 
methods, the time to take-off can be found, and this is also plotted, 

The full lines represent still air conditions when the air speed and water 
speed are equal. The effect of wind is two-fold. In the first place, it displaces 
the thrust and drag curves relative to the water speed, as these two forces depend 
solely on air speed. Secondly, it decreases the water resistance at any given 
water speed, as the air lift is now greater and the displacement less. To a 
first approximation, the water resistance is proportional to displacement at a 
given speed, and the resistance is therefore altered in proportion to total 
weight—air lift. The results of a five-knot and a ten-knot wind are shown as 
dotted lines on the curves. The most interesting point is the small effect on 
the acceleration curve, which is practically unaltered. The result is that whereas 
the acceleration is about the same, the maximum water speed to be reached is 
now the take-off speed less the wind speed, and the time to take-off is therefore 
appreciably reduced in a wind, The same effect occurs with the distance, and 
it is therefore very essential either to carry out take-off tests in wind of a certain 
definite speed, or to have some method of correcting the results to standard 
conditions. 
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Such a correction chart, which has been arrived at theoretically but which 


gives quite good results in practice, is shown in Fig. 6. The chart is plotted 
to a base of n, the ratio of wind speed to take-off speed. The graph shows the 


correction to time, and the ordinate is t/t, the ratio of the take-off time to 
the time in the standard wind. It is most convenient to reduce take-off times 
to a standard wind speed which is not zero and a suitable value is 10 knots, which 
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corresponds roughly to n=o.2. It will be noticed that the correction varies with 
the power loading of the aircraft. A similar correction for distance is applied. 
Having found the time and distance to take-off in a certain wind speed, the 
standard take-off time and distance are found by multiplying by the appropriate 
correction factors obtained from the charts. 

The advantages of having a method of correcting the take-offs for wind speed 
are that much greater latitude is allowable in the weather conditions in which 
the take-off tests are carried out, and the predictions of take-off under other 
conditions of load and weather can be made with greater certainty. 
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The prediction of take-off of a seaplane should cover not only varying wind 
conditions but also change of weight, airscrew, or power. In the past this 
could only be accomplished by either lengthy computations, involving a number 
of doubtful assumptions, or by a complete series of tests which cannot be in- 
cluded in the normal test programme. There is reason to believe, however, that 
a few tests may give the required information, and this line of investigation is 
being pursued. A very complete range of take-offs was done on two large flying 
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boats and one twin-float seaplane, the weight being varied through as wide a 
limit as possible, and the change of power being represented by throttling the 
engines. The tests were first reduced to standard wind speed, ten knots, and 
then some law was sought. It was found that if the ratio of mean airscrew 
thrust during take-off /weight was plotted against either take-off time or distance, 
all the points fell on one curve, i.e., the time or distance of take-off depended 
on nothing but the ratio 7/Il’. Fig. 7 shows the time plotted on this basis, 
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and the distance gives an exactly similar curve. Not only is there but one 
curve between 7'/IV and time, but this curve is a definite mathematical function, 
actually a rectangular hyperbola. The process of test is therefore a 
very simple one. The seaplane tested at any convenient — load, 
preferably a light one, and a series of take-offs are done at various throttle 
settings from full throttle to the lowest R.P.M. at which it will take-off. These 
times and distances are reduced to standard and plotted against T/JV’, which can 
be readily calculated from generalised airscrew curves. With very little trouble, 
a mean rectangular hyperbola can be drawn through these points, and from this, 
the take-off at any other conditions of loading, or power, or with different air- 


screws, can be predicted. The amount of test work saved is very great, and the 
calculation involved is not large. It saves the actual process of finding the 


limiting load at which a seaplane will take-off, which is long and requires a 
skilful pilot to prevent damage when landing at very high loads. It has been 
already mentioned that this prediction has not yet been sufficiently firmly estab- 
lished to render it a standard method of test. 
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Measurement of the Water Resistance of Hulls and Floats 


The water resistance of hulls and floats is measured by means of towed models 
in a tank, these models in general being of very small size. It is a matter of 
common knowledge that model hull tests should be in better agreement with full- 
scale than wind-tunnel tests on small models. In the former case, the model 
can be run at a corresponding speed, whereas in the wind-tunnel, unless a 
compressed air tunnel is used, the Reynolds number for the model is very different 
from that of the full scale aeroplane. 

The difficulty of full scale measurement of water resistance is so great that 
up to now no reliable measurements have been made, and the subject is only 
just receiving attention. It is very desirable that some tests should be done, 
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as, though the comparison of model and full scale is exact if conditions are 
the same, such full scale tests as have been done show that the running angle 
of the model is not reproduced. Further, the model tests are done at steady 
speeds, while the full scale resistance is important during acceleration motion, 
and, lastly, the model tests cannot be satisfactorily carried out at speeds near 
the take-off speed. 

There are two methods of measuring the water resistance—by direct 
measurement, and by deducing it from measurements of acceleration during take- 
off. In the method of direct measurement, the floats are supported on a special 
undercarriage, so designed that the forces on the floats compress spring's or move 
pistons against oil pressure. ‘The movement is recorded and the forces are then 
known. For water resistance work, it is sufficiently accurate to use only one 
set of springs, recording the approximately horizontal component of the forces 
on the floats. Direct measurement can only be carried out on seaplanes, as flying 
boats are structurally unsuitable, but a possible means of measuring the drag 
of hulls is to use two scale models as floats, and arrange the getting-off speeds 
to be in proportion to the square rpot of the scale. No work on these lines has 
yet been done in this country, though it has apparently been commenced in 
Germany. 

Some tests have been done by the indirect method of measuring the accelera- 
tion during take-off. Referring back to Fig. 5, the equation of motion is 
T—D—R=(W ex), so that if the acceleration is measured and the thrust and 
air drag are known, the water resistance can be found. Various experimental 
difficulties arise, and the thrust of the airscrews cannot be accurately predicted 


at the low rates of advance per revolution which occur during take-off. As the 
thrust is from 1.5 to 7 times the water resistance, any percentage error in the 
thrust is correspondingly magnified in the water resistance deduced. A  thrust- 


meter is therefore almost a necessity, and the design presents many difficulties. 
The measurement of acceleration is effected by using a light air log with very 
little inertia, and by double differentiation of the space time curve. The direct 
measurement of the acceleration by accelerometers is not found a practical proposi- 
tion, as the vertical accelerations are large compared with the horizontal com- 
ponents. The angle is measured by a free gyro, fitted with scales, and the drag 
measured on a model with the water surface represented. In spite of the 
experimental difficulties outlined, the work promises to be successful and to be 
of very great value. 


Static Thrust Tests 

In the measurement of water resistance by the indirect method, the diffi- 
culties of calculating the static thrust of airscrews was stressed. As a_thrust- 
meter is not immediately available, some help can be gained by finding the 
static thrust of the airscrews. Two methods have been employed, both of which 
have given good results. The first is to mount the seaplane on_ ball-bearing 
trolleys running with the minimum friction on rails, and measure the thrust 
with a spring balance. The arrangement used is shown in Fig. 8. The sea- 
plane is prevented from turning over forwards by a check strap on the tail, 
and care must be taken to have this vertical so that no error in the thrust is 
introduced. This adjustment is made by means of the screw on the right. A 
series of readings 1s taken of the thrust at various R.P.M., and the thrust plotted 
against N*®. The result is a straight line, and the slope of the line T/N?. is 
proportional to k,, which is, of course, T/pn?D*. 

This method is not suitable for large boats, and in any case requires much 
apparatus. The other method overcomes these objections. In this the thrust 
is measured with the seaplane afloat. Fig. 9 shows the ‘ Iris ’’ under test. 


A line carrying the spring balance is fastened to a fitting in the tail of the hull 
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and attached to a buoy. The balance can be read by an observer in the after 
gunner’s cockpit. Either one centre or two outboard engines are run up and 
a series of readings taken. The angles of the mooring line and of the thrust 


axis are measured during the tests, and corrections made in the observed pulls. 


FiG. 9. 


This method must be done at slack tide and with no wind, or very large errors 
due to wind or tide drag will be introduced, and this constitutes the only serious 
drawback. The discrepancy between the measured and the calculated values of 
the static thrust are often of the order of 20 to 30 per cent. 
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Static Stability Tests 


These tests are sometimes done as the calculation of the moment curves 
is very tedious. To be really satisfactory, they must be carried out in a tank 
or dock with no wind and perfectly still water, and, as a rule, these tests are 
only carried out on twin-float seaplanes. The procedure is to apply moments to 
the seaplane and note the changes of attitude. This is done by replacing as 
much available removable load (i.e., crew and petrol, etc.) by ballast, and by 
moving this load to various positions along the fuselage or along the wings. 
The angle is most conveniently measured by painting scales on the floats at the 
stern, main step, and near the bows, and transferring the position of the water 
line to a drawing. Both longitudinal and lateral measurements are made, and 
the two metacentric heights calculated. The normal type of longitudinal moment 
attitude curve obtained is illustrated in Fig. 10, and it is seen that, though the 


STATIC STABILITY TESTS: FLOAT SDAPLANE: | 
MOMENT-ATTITUDE — | 
| | 
| 
| 
2 | 
9000 4 + | 
|_| | 


oF + 
| | | 

“3000 + + 


FIG, 10. 


seaplane is very stable when tilted forward, the curve reaches a maximum at 
cight degrees when tilted aft, and with any increase of angle the seaplane is 
unstable. At the same time the lateral stability is reduced, and the seaplane tends 
to turn over backwards and sideways. This has occurred on more than one 
occasion, especially with racing seaplanes which have very fine lines aft, and the 
usual remedy is to lengthen the stern of the float or give it slightly fuller lines 
aft. The moment curve then becomes as shown by the dotted line, with a corres- 
ponding increase in stability. The lateral stability is equally important, and can 
be increased if necessary by increasing the track of the floats. 

Attempts have been made to determine the vertical and horizontal position 
of the C.G. of large flying boats by inclining experiments on the water, as is 
done for ships, but the accuracy obtainable is low, and the amount of work 
involved is very great. 


Water Rudder Tests 


In the days when seaplanes had short main floats with a tail float, the ta‘! 
float was equipped with a water rudder, and the manoeuvrability was usually 
good owing to the long lever arm at which the rudder acted. Furthermore, 
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the tail float acted as a drogue, and enabled fairly high engine r.p.m. to be 
maintained at low taxying speeds. With the advent of long floats, manceuvr- 
ability on the water is a distinct problem, not only because the water rudders are 
nearer the C.G., but also because the floats are now longer and have deeper vee 
bottoms, and the corresponding increase of keel surface makes turning difficult. 
The absence of tai] float drag also means lower engine r.p.m., with a corresponding 
decrease of air rudder power. 

Tests of water rudders are now being given importance, and the requirement 
aimed at is that the seaplane shall be manoeuvrable at a low water speed in any 
wind up to a wind of such velocity that the seaplane will drift backwards when 
throttled down. In a wind, the water rudders must overcome the weather- 
cocking tendency of the aircraft, which is considerable at low taxying speeds 
when the engine is throttled down and the air rudder comparatively useless. 
In Sweden both model and full-scale research is being done, as their waterways 
are narrow. 
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In testing water rudders, two quantities must be measured—the force required 
to operate them, and their effectiveness. The force is a simple measurement, 
but the comparative cfhciency of different rudders is a more difficult thing to 
determine, The criterion of efficiency is the turning moment produced at definite 
water speeds. In Sweden, this is measured by the use of a vane mounted on 


the wing. This has a device for recording the force. Presumably, this is used 
to balance the couple produced by the rudders, but this method would not. be 
quite accurate if the radius of turn produced by the rudders were small. The 


accurate method would be to mount the rudders thémselves so that the side force 
on them could be measured. 

Both the foregoing methods are research rather than normal test methods, 
and it is more usual to find the time taken to complete a turn at varying taxying 
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speeds, as this bears a definite relation to the efficiency. The curve so obtained 
is illustrated in Fig 11, and shows the large difference between two different 
rudders on the same aircraft. The only difficulty is that the time taken varies 
markedly with the wind and sea conditions, and at present no method of correc- 
tion to standard conditions has been evolved. Till this has been done, com- 
parative tests must be done in similar weather conditions, but, even with such 
crude methods, very valuable test work can be done. The diameter of the turning 
circle is deduced from the water speed and time to turn, the water speed used 
being the mean speed up and down wind at the r.p.m. employed. The diameter 
has also been plotted in Fig. 11, and it shows how important it is that the 
manceuvring speed of the aircraft should be low. The flow round the rudders 
gives a clue to faults, and photographs are taken. Fig. 12 shows the flow round 
a certain type at low speeds, and Fig. 13 the same thing at a higher water speed. 
The cause of rudder inefficiency is fairly obvious. 


Air Tests 
The aerial tests carried out are very fully described in Squadron Leader 


England’s paper, but neither the method of reduction of the test data obtained 
nor the method of presentation of the results have been described, and should 
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be briefly dealt with. Naturally, aerial tests apply equally to land and seaplanes, 
and only the more interesting points will be raised. 


Performance Reduction 


The performance of an aeroplane varies according to atmospheric conditions, 
In order to be able to compare aircraft which have been tested at different times 
of the year, and to correlate the performance of the same aircraft on different 
days, the results of tests are reduced to standard atmospheric conditions which 
have been defined by the International Commission of Aerial Navigation. Up 
till about two years ago the reduction was based upon the assumption that the 
engine-power varied according to a density law, but now the basis is that the 
engine-power for all but supercharged engines is a function of pressure only. 


PiG.. 13. 


Briefly, the pressure basis hypothesis states that the :—‘‘t Indicated ’’ Air 
Speed=V ** Indicated Rate of Climb= and ‘ Indicated R.P.M. 
N Vo depend on pressure only, i.e., on the altimeter reading, as this instru 
ment is really a sensitive pressure gauge. If, therefore, these ‘* indicated 
quantities are plotted against altimeter height, the results should be independent 
of the atmospheric conditions in which they were obtained. The true reading’s 
are obtained by dividing the indicated readings by the square root of the standard 
relative density at the height in question. The reduction to standard condi- 
tions is therefore simple; each of the measured quantities—speed, rate of climb, 
and r.p.m.—are multiplied by the factor Y(o/o.). In practice, the correction 
used is /(6,/6), for the temperature is the measured quantity, and at a given 
pressure the density varies inversely as the temperature, 


Presentation of Results 


The main object of aerial performance trials is to find out how fast an air- 
craft can go and how quickly it can climb at all heights up to its ceiling. At 
the same time the r.p.m. must not exceed the maximum permissible for the 
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type of engine fitted. Hence the standard method of plotting performance results 
is as shown in Fig. 14, which gives the required information directly. 

However, the normal method of test does not give accurate information near 
the ceiling of the aircraft, and, furthermore, if the observed points are scattered, 


it is not easy to trace the cause of the trouble. To obviate these drawbacks, 
the ** combined ’? method of performance testing has been developed by Stevens 
and Nutt from the research method of Mr. Capon. This is fully deseribed in 


R. & M. 1140, but, briefly, two sets of curves are obtained. One set shows the 
characteristics of the airscrew-aeroplane combination, i.e., the relation between 
climb, speed, and r.p.m. This is plotted non-dimensionally by using the indicated 
rates of climb and speed, Ve yo and V yor, and the advance per revolution VN. 
Thus presented, the diagram is independent of height or of engine power. The 
other set of curves shows how fast the engine can turn the airscrew at full 
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throttle at various heights. The combination of these two pictures gives the 


complete performance of the aircraft. Fig. 15 shows the usual method of presenta- 
tion of the results, and, to the uninitiated, it is rather alarming. Fig. 16 has 
therefore been constructed, and this shows the same curves in a very much 
simpler and more convenient form. ‘The |I’/N curves represent the airscrew- 
aircraft combination, and any point on the diagram represents some definite 
condition. For example, ‘‘ A ’’ represents the aircraft climbing at an indicated 
speed=100 m.p.h. at an indicated rate of climb=4oo feet per minute, and the 
advance per revolution is the V/N=.045. At ground level »=1, and these 
quantities become 100 m.p.h., 4oo ft./min., and 2,200 r.p.m. The height curves 
are the full throttle limits to the diagram at various heights, and are really our 
old friends the partial climbs at full throttle. Any point on the curves can be 
obtained at full throttle, and any point within them by throttling. The peaks of 
the partials give the best climbing speed and the best rate of climb at the 
various heights, and the intersections of the partials with the base give the 
maximum level speeds when the rate of climb is zero. 

If, in the reduction, a pgint falls on the aircraft curves and not on the 
engine curves, the engine power has changed, and if the reverse happens, some 
alteration has been made to the aeroplane. Further, the variation of engine 
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power with height is deduced, and the performance near the ceiling can be 
calculated. Change of weight can be allowed for by plotting the quantities as 
Vi (p/w), Vey (p/w), V/nD and the performance at a new weight easily cal- 
culated. 


The advantages are thus very great unless twist of the airscrew occurs, when, 
of course, the airscrew-aircraft curves are no longer non-dimensional, but vary 
with height. Luckily, this is not a frequent occurrence, as the method is then 


not really worth while. 
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The Measurement of Speed 


The measurement of speed has always been a difficult problem, but it has 
been considerably simplified by the introduction of the air log, developed at the 
R.A.E., and illustrated in Fig. 17. This consists of a light streamline body with 
a long tail and stabilising fins, which is towed by the aeroplane by a cable. In 
the nose of the body is a light windmill, mounted freely on ball bearings so that 
it runs at practically zero torque. The windmill drives a revolving contact and 
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the towing cable consists of an inner core and an outer metallic braiding, insulated 
from each other, so that electrical connection is established between the aeroplane 
and the air log. In the cockpit the electrical impulses operate a Veeder magnetic 
counter. The air log is calibrated in a wind tunnel, and, since it runs at zero 
torque, the distance traversed per revolution of the windmill is a constant, in- 
dependent of height or density, and the rate of revolution of the windmill, measured. 
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as units/minute recorded by the counter, gives the true speed of the aircraft. 
The length of cable paid out depends on the size of the aircraft, and usually 
is from 4o to go feet. As a rule, the interference of the wings on the air log 
is negligible, but if it is necessary to use a short cable, the correction to be 
applied to the air log reading for the interference of the aircraft can be calculated 
by the vortex theory. The procedure is to calculate the co-ordinates of the air 
log relative to the aircraft from the known length of cable paid out, the weight 
and drag of the air log and cable being known. This point is far enough below 
and behind the aircraft for the slowing up of the air stream to be calculable, 
and in any case the correction is very small. 
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The most reliable means of measurement of true speed is the speed course, 
and, in the case of high speed seaplanes, is the only method. It will, therefore, 
not be amiss to describe the latest type of speed course laid down at Calshot. 
This course is three kilometres in length so that it can be used for international 
record purposes. At each end is a cinema camera which takes simultaneous 


pictures of the passing seaplane and of a double Veeder counter. The 
cameras are connected electrically by a marine cable, and a tuning fork transmits 
iwenty impulses per second to each. The double counter is used because the 


magnetic counters will not respond satisfactorily to impulses of much less than 
120th of a second duration. Thus the time the aircraft passes cach end of the 
course is known to 1/20th of a second and the time to cover the course Very 
accurately measured independent of the human element. 

In spite of the simplicity of the principle of the speed course, this method 
of speed measurement has pitfalls. ‘The course must be geographically suitable 
and must have adequately long approaches. In the case of racing seaplanes, for 


17. 
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instance, five miles at cither end is required to gain a steady and uniform speed. 
A steady wind and good visibility are necessary weather conditions. Even so, 
the wind speed and direction are not accurately known, and the mean of the 
up and down runs must be taken to get a good approximation to the true speed 
of the aircraft. The pilot must be experienced to fly a good course, both straight 
and at a uniform height, and it is much harder to maintain an even height over 
sea than over land. In fact, pilots find it easier to fly accurately close to the 
water, and it is no uncommon occurrence to find large boats flying over the 
course at a height of considerably less than half their span. This provides an 
additional complication, as the interference from the water surface is not then 
negligible, and may have an appreciable effect both on the true speed and on 
the position error of the pressure head. This error has not yet been investigated. 

The measurement of landing speed presents more difficulty. The usual method 
is to note the air speed indicator reading at the moment of touching the water, 
and by extrapolating the position error curve obtained in flight, the correction 
to be added to the observed speed can be estimated. This method would appear 
to have objections. For instance, the position error near the stall is large and 
changing rapidly, and the extrapolation of the curve obtained in flight, unless 
the aircraft is easily controllable near the stall, may be open to doubt. Then 
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again, there may be lag in the changing air speed reading duc to the long lengths 
of tubing employed in big seaplanes, and the observer must take a ‘‘ snap ”’ 
reading. 

Another method, which has been used recently, is to use a cinematograph 
camera to photograph the landing. The method employed at Felixstowe is to 
use a high speed cinema camera taking from 60 to 100 pictures per second. 
A tuning fork, connected to a spark gap in the camera, produces 50 timing marks 
per second on the edge of the film. The landing seaplane is photographed against 
some definite background, so that reference marks can be picked out on the 
film, and then the speed can be determined using the known length of the sea- 
plane itself as a scale. The procedure is to plot the distance moved by the 
seaplane for one or two seconds before and after touching the water against time, 
and the slope of this space time curve yives the speed at the instant of landing. 
At the same time, the alighting angle of incidence can be determined. 

In practice, the photographic method gives very accurate results, probably 
to within } m.p.h., and can even be used for flying speeds, but it suffers from 
the disadvantage that the wind speed relative to the ground jis not known with a 
corresponding Gegree of accuracy. Furthermore, the method is only applicable 
if a suitable cinema camera is already available, as the cost of such a camera 
would be prohibitive if only used for such work. Curiously enough, the ordinary 
method of reading the A.S.1., previously described, gives surprisingly accurate 
results when checked by the more elaborate method. 


Fuel Consumption 

This is a very important measurement, especially in these days of long 
distance flights. The R.A.E. have recently produced a mass flow type of flow- 
meter which measures the weight of petrol flowing per hour independent of the 
viscosity of the fuel. It consists of a vertical tube through which the petrol 
flows upwards. In the centre of the tube is a tapered spindle, smaller at the 
top than at the bottom, and on this spindle slides a specially shaped float. As 
the float rises, the orifice formed between itself and the spindle enlarges and 
an equilibrium position is reached for each definite rate of flow. The height of 
the float is measured on a scale calibrated in Ib./hour. The older forms of 
flowmeter, while recording accurately at ground level, gave false readings at 
altitude when the atmospheric pressure and temperature were reduced. This 
pressure and temperature reduction caused the dissolved air in the petrol to be 
liberated in the liquid itself, and changed its physical characteristics sufficiently 
to alter the type of flow in the flowmeter, and therefore the reading. The new 
type overcomes this difficulty. 

Even with an accurate flowmeter, the measurement of fuel consumption is 
a difficult test, especially as the altitude control must be used, and this control 
requires the most careful handling in order to get consistent results. Some types 
of engines are particularly difficult to test, and with one type of engine, for 
example, the aircraft must be flown at the required speed for about five minutes 
before stable carburation conditions obtain, and the actual test can commence. 
This means that each reading takes:nearly ten minutes, and before very many 
have been taken, the change of weight becomes important and a new flight is 
necessary for further readings. 


Measurement of Lift and Drag 


This is more of a research than a routine test, and standard type trials do 
not call for all the data necessary to calculate k, and k,, as functions of incidence. 
This item has only be included in this paper as a method has been used at 
Felixstowe which is peculiarly suitable for seaplanes. 
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At the R.A.E. it has long been recognised that a windmilling airscrew intro- 
duces uncertainties into the full-scale measurement of lift and drag, and the 
tests are done with airscrews stopped. This nearly always means that a band 
brake must be fitted to the engine to effect this, and, naturally, this is only 
possible on an aircraft allotted specifically for research. Then again, after a 
long glide in cold weather with airscrews stopped there may be difficulty in re- 
starting the engines, and it is not very pleasant landing a large flying boat 
with engines stopped in a busy harbour. 


Fic. 1&. 


In order to overcome these difficulties, a method, suggested by Mr. McKinnon 
Wood some time ago in connection with another research, has been adopted. 
This is to run the airscrews at zero thrust, when the comparison between the 
full-scale and the model without airscrews is direct. To do this, a radial tube 
is mounted close behind and roughly parallel to the trailing edge of the air- 
screw blade, and this tube has a series of pitot holes drilled in its leading side. 
These holes are so spaced that they command equal annular areas, one end of 
the tube is closed and the other led to a sensitive pressure gauge. When the 
mean pressure in the tube is equal to the pitot pressure of the undisturbed 
air stream passing the aircraft, the airscrew is giving zero thrust. In practice, 
the most convenient way is to connect the tube to the pressure side of an air 
speed indicator and the other connection of the instrument is coupled up to the 
normal static system. Then the engine is throttled until the ordinary air speed 


indi 
Wit 
sma 


out! 
a 
the 
con 
con 


Co. 


sal 
pa 
thi 


sto 


= 
| 
| 
| 
= 
| 
| é 
‘ 
| 
| / 
| / 
| 
| 
/ 
™ 
IM 


itro- 

the 
and 
only 
ra 

re- 


non 
red. 
the 
ube 
air- 
ide. 
| of 
the 
bed 
ice, 
air 
the 
eed 


THE TESTING OF SEAPLANES AND FLYING BOATS 209 


indicator and the secondary one connected to the zero thrust tube read the same. 
With very little practice, this can be effected to +1 m.p.h., which means a very 
small limit of error in the zero thrust setting. 

For landplanes, fitting this tube might easily be an awkward job, and special 
outriggers would be necessary, but the fitting is extremely neat and simple in 
a seaplane. Fig. 18 shows the simple fitting of the tube on a float seaplane, and 
the fitting on a flying boat is usually even simpler. The accuracy of the method 
compared with the airscrew stopped method remains to be proved, but the 
convenience is certainly much greater. 


Conclusions 


As stated in the introduction, an endeavour has been made to touch upon 
certain aspects of testing seaplanes which may be unfamiliar. Nothing has been 
said about the testing of equipment or accessories, though this is a most important 
part of the work, nor about corrosion, which is a subject in itself, but even so 
this paper may be rather too sketchy in parts owing to lack of space. 

My thanks are due to Mr. H. M. Garner, Chief Technical Officer at Felix- 
stowe, for his helpful criticisms. 
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COLD WORKING OF METALS 
BY 
MR. J. W. BERRY, of the Stourbridge Cold Rolling Mills 
(A bridged) 
(Lecture before the Yeovil Branch, Friday, 1st November, 1929.) 


The lecturer adopted the course of explaining the Cold Working of Metals 
from first stages. 

The lecturer first dealt with the cold raising of metals and pointed out that 
in this case the operator always worked from the outside, and to avoid ‘* pucker- 
ing ’’ of the metal it was gradually hammered concentrically so that ‘* puckers ’ 
were eliminated almost as soon as they appeared. 

The spinning of metals was then dealt with and nearly all cylindrical objects 
are worked in this way. Commencing as a metal disc the object is placed on a 
lathe and backed up on to a wooden former block and gradually formed on to the 
block. By eliminating the sudden bending of the metal round the sides of the 
block the ‘‘ puckers ’’ are reduced to a minimum and the metal is allowed to 
** flow.”’ 

The pushing in and pulling out process was then explained, this being 
effected by rollers rotating on the lathe shaft which, by gradually adopting an 
increasing distance from the axial centre of the lathe, forced an even ‘‘ flow ”’ 
of the metal of the object being made in the curved shape required. 

The lecturer demonstrated that cold work is necessarily harder than work 
undertaken with metal at an increased temperature, but there is a limit to this 
beyond which it is impossible to work without inserting annealing processes. 

The Hot Spinning Process.—This is a process very largely adopted by 
German metal workers. In this case a red heat of the object is obtained by the 
use of gas burners which are allowed to play on the surface. Greater thicknesses 
of metal are workable with this method and milk churns are very commonly 
treated this way—in the first case a square sheet is bent cylindrically, welded 
together, a disc then being welded into the base and the whole object spun into 
shape on the lathe with the gas burners playing on it. 

Stamping.—Stamping of metals is always worked from inside the object so 
that ‘‘ puckers ’’ always form if permitted to do so. This is eliminated by 
various methods, a pressure plate being that most commonly utilised, which com- 
presses the surrounding periphery of the object at the moment that the centre 
design is stamped. The compression is not sufficiently tight to cause tearing of 
the metal, but is sufficient to restrain the formation of ‘‘ puckers ’’ and to main- 
tain the ‘‘ flow ’’ of the metal round the bend. 

Drop Stamping by the Double Acting Press.—With this type of press drop 
stamping can be employed in one operation without annealing. 

The lecturer raised a sidelight on economic problems in the past century 
when he told his audience that the double acting press at its inception was known 
by the stamping operatives as the ‘* Devil,’’ principally because they considered 
it would lose people their jobs owing to the obvious saving in labour. In actual 
fact, however, it did not do so, as it merely increased the output of each operative. 
Straight sided cups and saucers, etc., are worked by means of this press. 
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In this press the pressure plate is actuated by a cam and descends on to 
the rim of the object to be worked a fractional time before the descent of the 
actual stamping die. ‘‘ Puckers ’’ are therefore not allowed to form in distinction 
to the cold press, and the material is forced t6 ‘‘ flow.’’ On the return stroke 
of the press a section, acting as an anvil beneath the pressure plates, passes 
upwards under the pressure of springs and assists in the ejection of the stamped 
object. 

Size and Shape of Blanks.—The blank is always of the same thickness as 
the finished pressing. 

A query was raised on account of the immense size of the presses employed 
to press comparatively light articles such as mudguards and bonnets of cars. The 
lecturer explained that the size of the press was not so much necessitated by the 
solidity and thickness of the object to be stamped, as its actual length and breadth, 
as an even pressure has to be maintained throughout. 

Various protective guards were used to save the operator from himself, 
whereby the hand of the operator was knocked out of the way a fraction of a 
second before the next downward movement of the press in case he should have 
been slow or should have fumbled in the placing of the previous blank. For mass 
production work the material is fed in from a roller on one side of the machine, 
passes through the press, and the scrap material is wound up on a further roller 
on the opposite side. There is also the rotating drum method of feed, whereby 
the operator can be filling the spaces in the drum as the drum rotates and the 
stamp actuates on each blank as it receives it from the drum. 
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AERO WHEEL BRAKES 


BY 
MR. HALL 


OF THE BENDIX-PERROT BRAKES LTp., BIRMINGHAM 
(A bridged) 


Lecture before the Yeovil Branch, Friday, 8th November, 19209. 


The trade was only just emerging from the stage when acro wheel brakes 
were merely adapted forms of automobile wheel brakes, and the aeroplane industry 
from the point of view of wheel brakes is now in about the same stage as the 
motor industry was with car brakes six years ago. In this respect the United 
States is very far ahead of us. 


The aircraft industry is now realising, however, that the brake needs of an 
aeroplane have to be specially catered for, and it is to this end that research is 
being made, the ordinary motor car two-shoe brake being abandoned as in- 
efficient. 

The lecturer stated that the average reduction in the landing run of machines 
fitted with the modern Bendix-Perrot brake was 50 per cent., and that the 
fitting of brakes has the effect of assisting Ground Crew. Furthermore, it 
permits the use of a tail wheel instead of a skid, thereby improving the surface 
of aerodromes and eliminating wear and vibration of the empennages to a very 
large extent. 


Servo control has been found to be necessary, and, in combination with this, 
the ideals aimed at by the brake industry are safety and simplicity. In this in- 
stance the type of brake is the self-energising Servo system which gives full 
action under slight pedal pressure. In this type of brake the primary shoe has 
no fixed anchor but hinges on the floating end of a secondary shoe, In this 
respect the action of the primary shoe in engaging with the drum tends to hold 
it in position, and through the floating hinge the primary shoe energises the 
secondary. He advocated the rod control throughout. He thought the best 
position of the cam spindle is just vertically above the axle, though it can, in- 
deed, be placed anywhere on the periphery, according to the type of plane to 
which it is fitted. This vertical position is best, however, as it is farthest from 
the ground, and, therefore, the operating lever is clear of ground obstruction and 
is therefore not likely to suffer damage. 


Furthermore, when wear takes place the vertical position of the cam permits 
of adjustment being made to allow for such wear on the axle. 

The whole of the brake backing plate and drum is press work, or bar work, 
and the use of electron is now being considered. 

The standard sizes of brakes at present in use are the roin., 12in., and 2oin. 
Larger sizes are contemplated. The clearance for a 12in. brake is about 15/1oooth, 
and the construction of the brake is all steel, which is later cadmium plated. 
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The following questions were paramount in discussing the consideration of 
the problem of aircraft brakes :— 
(1) The design of the undercarriage and the question of how the torque 
is to be transmitted to the fuselage. 


(2) The fore and aft position of the wheels and their brakes (the farther 
forward the brakes and wheels are located the more torque is trans- 
mitted, but more load is placed on the tail in such case), The torque 
load formula is—one-half weight of machine or one wheel x_ by 
effective tyre radius, x by co-efficient of friction of tyre on the 
ground, x by the factor of safety of a shock landing. 

(3) A wide wheel tread is desirable. Bendix-Perrot work to a deflection 
of a quarter of the diameter of the tyre, and they take the co- 
efficient of friction in excess of .8 on clean concrete with the tyre 
on the ground. 

With regard to deceleration, a comfortable retardation for cars is at the 
rate of 22ft. per second squared. With aeroplanes, however, the deceleration 
of 14-16ft. per second squared is what is being striven for. At the moment brakes 
giving good retardation give about 8-1oft. per second squared. 

Of course, in this consideration it should be remembered that concrete 
aerodromes will probably become standard in course of time. 

Other points of interest were :— 

(1) Brake effectiveness remains constant below 30 miles per hour ; after 
that the wings commence to take up the lift. 

(2) The accuracy needed for the axle is plus or minus 1/r1oooth, 


(3) Hook-up control. For single engined machines a separate control is 
needed for each wheel, or they may be differentially operated, and 
there should be only a 7 deg. movement of the control lever from the 
position off to the position on if all is in order, 


Messrs. Bendix-Perrot prefer rod control with bell cranks to other methods. 


With regard to pedal operated brake gear, a parallel motion linkage is 
necessary. In this the stirrup type is the best, and this type is largely used in 
America, though at the present moment Great Britain seems to prefer the rudder- 
bar control. It was found that hand operated brakes are not quick enough in 
operation. 
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AEROPLANE WHEELS AND TYRES 


BY 
N. WALTERS, ESQ. 


PERSONNEL. OFFICER OF THE DUNLOP RUBBER Co. 
(A bridged) 


Lecture read 22nd November, 1929, before the Yeovil Branch. 


The first requirement in any manufacturing process is to secure a stable 
raw material, and to this end scientific control was essential, for it was found 
that the rubber obtained from trees on the top of a hill differed from the trees 
in the same field or plantation at the base of the hill. A process of blending 
was therefore essential. 

The pure rubber was rolled and crushed so that it became a “ flannelly ”’ 
sheet of crépe rubber such as is used on tennis shoes, etc., but in this form the 


rubber becomes sticky when heated. Filling agents are therefore added, and . 


colouring materials to give the red tint for inner tubes and grey for outer covers. 

Cotton threads are spun in the Dunlop Factory for the reinforcing of tyres. 
The threads are coated with a very thin rubber solution, then with a_ thicker 
coating, and next the threads are moulded into sheets of rubber of varying thick- 
nesses for the different grades of tyres. From a huge roll of this ‘* rubber fabric ”’ 
widths are cut diagonally so that the threads are on the bias to allow for the 
different strains which the finished tyre must stand. The tyre itself comprises 
several layers of this rubberised ‘‘ cloth ’’ with the threads arranged to cross 
alternately, so giving a very strong multi-ply ‘‘ cylinder ’? with overlapped joints. 
This is next placed on a segmental mould, and the tread moulded on and then 
cured. 


Different designs of tread and tyre walls had been developed for different 
road purposes. <A very open thread was necessary for competition riding over 
grass and loose stones, etc., but the resilient pads needed in this case soon wore 
out when used on ordinary road surfaces because of the abrasion caused by the 
movement due to deflection as well as by power transmission wear. 

In aero tyres failures were usually due to impact loads. Correct inflation 
pressures were essential. The air was the shock absorber, but the restraining 
walls must be of such a strength as to withstand the bursting force of, say, a 
one-wheel landing with drift. All aero tyres are of the wired-on type, as distinct 
from the earlier beaded edge balloon car tyres. The wired-on type cannot be 
stretched and so come off the rims of the wheel when inflated. They are applied 
by the use of the well-base rim which allows the edge of the first wall applied to 
rest on one side on a lower point (in the well), and so enables the opposite side 
to be passed over the larger diameter rim. The second wall is similarly applied, 
and when the inner tube is inflated the inner edges of the walls are kept on the 
raised platforms alongside the ‘‘ well.”’ 

The Dunlop Co. have developed the dise type of wheel for aero work as it 
can be made stronger and lighter than the wired wheel, and lends itself better 
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to the incorporation of the brake drums with which many modern aircraft are 
fitted. The latest type of wheel is of light alloy construction. 

The Beardmore “‘ Inflexible ’’? was fitted with Dunlop wheels and tyres— 
6in. diameter. 

All tyres were carefully inspected, and at various stages of manufacture the 
rubber had to withstand abrasion tests, etc., but the finished product could only 
be tested properly under conditions of actual use. For car tyres the Dunlop 
Company had a whirling arm test machine, which made the wheel and tyre travel 
at varying speeds over a surface which was roughened artificially by a man 
continually shovelling loose stones thereon, In addition to such artificial tests 
the Dunlop Company had a fleet of lorries, cars, motor cycles and even 2-pedal 
cycles, which were run almost continuously to wear tyres to destruction and to 
prove the suitability of different types for the various loads. 

The question of standardising a range of aeroplane tyre sizes was becoming 
an urgent one, as at present there are 56 different sizes and types of wheels and 
tyres in use in Europe alone. The Dunlop Company have tackled the problem 
to some extent by adopting the same rim dimensions for certain acro tyres as 
for certain car tyres, so that in emergency a car tyre could be fitted to the 
aircraft so equipped. 
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Modern Aviation Engines 
Major Victor W. Page, U.S. Air Corps Reserve. Chapman and Hall, 
Ltd. Two vols., 1,900 pages, 9lin. by 6in. 

It is not generally known that the first internal combustion aero engine was 
made by Charles M. Manley for the Langley ‘‘ Aerodrome ’’ in 1902. It was a 
five-cylinder water-cooled radial with sheet steel jackets, anticipating the ‘* Mer- 
cedes ’? by about 12 years, though, since autogenous welding was not then avail- 
able, the parts were brazed together. The historical section of this book deals 
with three American, one British (Green) and half-a-dozen European engines. 
The pioneer steam engines of Ader and Maxim are not mentioned. 

The power required for flight and description of leading types of aircraft are 
largely drawn from The Acroplane and are in keeping with the elementary heat 
and heat engines section of the book which, in broad outline, deals with all types 
of internal combustion engines and has just sufficient theory to make them intelli- 
gible. The author says in his preface: ‘‘ This exposition has been prepared 
primarily for instruction purposes and is adapted for students who wish to become 
aviators or aviation mechanics, and for mechanics in other lines who wish to 
enter the aviation industry as experienced aviation maintenance and _ repair 
men. . . . Special attention has been paid to instructions on tool equipment, use 
of tools, trouble ‘ shooting ’ and engine repairs. . . . Only such theoretical con- 
sideration of thermodynamics as was deemed absolutely necessary to secure a 
proper understanding of engine action . . . is included, the writer’s efforts having 
been confined to the preparation of a practical series of instructions that would 
be of the greatest value to those who need a diversified knowledge of internal com- 
bustion engine construction, operation and repair, and who must acquire it 
quickly.”’ 

This aim of the author has been well and truly carried out. 

The chapter on fuel deals with petroleum derivatives, coal oils, alcohol, 
** Blau ’’ gas, and 22 anti-knock dopes. 

Installation of engine and fuel systems is the subject of many pages though 
chiefly illustrated from American practice. There is some mention of British 
aircraft. 

The history of carburettors, starting with the old ‘‘ marine mixing valve,” 
which made a final appearance on the Green engine, and the Maybach float feed, 
which was the cause of so much patent litigation about 33 years ago, leads up 
to the modern Zenith, Claudel Hobson, and Stromberg carburettors, each of which 
is illustrated with instructions for fitting and tuning. 

Supercharging, the density of air at altitude, and various types of American 
and British turbine-driven and gear-driven superchargers are illustrated. — It 
appears that the American practice is to put the carburettor between the super- 
charger and the cylinders, which loses one of the advantages of the supercharger, 
i.e., improved distribution. 

Several Diesel and dual cycle engines are described at length with their 
performance. 


‘ 


Electric ignition, magnetos, the elementary theory, adjustment, repair, and 
probable cause of trouble of the majority of ignition systems occupy 112 pages. 
Oils, their blending, lubrication systems and their defects, occupy a section of 
nearly the same length. 
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The advantages and disadvantages of air and water-cooling are dealt with. 
The author is of the opinion that the low weight and short length of the radial 
engine outweigh the advantages of the line engine. He seems to under-estimate 
the gain that can be obtained from the low head resistance of the line engine. 
The problem of heat flow in cylinder walls and fins is very clearly illustrated. 

All types of valves and valve gears have adequate space, and some obsolete 
types, such as the Panhard concentric valves and the sleeve valve, are described 
in the section devoted to pre-war engines which includes :—Gnome, Le Rhone, 
R.E.P. Anzani, Renault and others. This section is followed by one on the war- 
time engines, and from then onwards the book has full descriptions of some 50 
modern European and American engines with extracts from the makers’ hand- 
books and additional information as may be required for proper maintenance and 
overhaul for each individual type. 

Tools, workshop equipment, steels, non-ferrous alloys to American Standard 
Specifications and many charts of various sorts add to the usefulness of the book, 
though it must be remembered that in some cases English and American standards 
are not interchangeable. 

When reading a book it is difficult to say whether the contents are going to 
prove adequate when put to the practical test, but it certainly seems that the 
author’s intention of preparing a book which shall enable ‘‘ Mechanics in other 
lines to enter the aviation industry as experienced aviation engine maintenance 
and repair men ”’ has been attained. But it is necessary to add that a book, 
however well written, can never take the place of practical experience. This 
book will be of use to all who want to know all about aero-engines from the 
user’s, and not the designer's point of view. 


The World, the Air and the Future 
Commander Sir Dennis Burney, C.M.G., R.N. (Retd.). Alfred A. Knopf, 
London. 21s. 356 pp. 

This is not a technical book on aeronautics and, since the point of view of 
the author is political, it is perhaps better to present the scope of the work to the 
members of the Royal Aeronautical Society by extracts. It must however be 
realised that extracts, however carefully chosen, cannot do justice to a book 
because, torn from their context, they appear as categorical statements rather 
than part of an ordered sequence of argument, which in this instance is based 
on geographical and economic facts, and on the recorded speeches of statesmen. 

“The book . . . is intended for the general public rather than the expert, 
and the technical positions have therefore been stated as far as possible in non- 


technical language.’’ (p. 11.) 

Political. 
The author is a keen advocate of a definite and constructive Empire policy. 
‘Tt is obvious . . . that if Great Britain had to rely on her own strength 


and resources, her day as a Great Power would be over. Fortunately she need 

Not the United States of America, nor the two Russias, nor the agglomer- 
ation of Republics that will one day achieve statehood in a reorganised China, 
has the resources and potentialities of the British Empire. . . . Hence it is 
that for years past our wisest statesmen have taken not Great Britain, but the 
Empire as the unit of political consciousness.’’ (p. 18.) 

‘* The future of the Empire lies in the air. It is no exaggeration to say that 
not only its economic and political development, but its continued existence, 
depends on our capacity to establish within the next generation an efficient 
system of Imperial air communication. . . . I shall deal later with the respective 
roles of airships, flying boats, and aeroplanes in the development of civil aviation. 
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It will suffice to say here that the three are not competing types, but are supple- 
mentary to each other.’’ (p. 21.) 

‘* By means of air travel and air travel alone, can the British Empire 
conquer her great enemies—Time and Space.’’ (p. 22.) 

The political object of ‘‘ The World, the Air, and the Future 
in the following extract from the preface. 

‘* There is one general criticism that may be directed against me, that I 
should like to meet in advance. Since the book is largely a plea for pushing 
ahead with the air development of the Empire, and contains much adverse 
criticism of our actual air policy since the Armistice, it may reasonably be asked 
why I did not advocate my views from the floor of the House of Commons 
during my six years in Parliament (November, 1922 to May, 1929) as Conser- 
vative Member for Uxbridge. My answer is that I consistently did so. . . 
The speeches of a private member, especially, carry little weight, if they go 
ever so little beyond the limits that the tactics of party politics impose on the 
programme of his Party. I have therefore elaborated my piea for air develop- 
ment into the sustained argument of a book.’’ (p. x.) 


” 


is explained 


Peace. 

Commander Sir Dennis Burney is a keen advocate of peace, but sees the 
difficulties which lie in the path of general disarmament. 

‘* Is it or is it not possible to frame an Air Defence policy which will give 
adequate security to these islands and to the Empire in the event of war, without 
at the same time aggravating the International problem by initiating a race in 


air armaments, and thereby making ultimate war inevitable? . . . There can be 
no question here of a magnificent gesture on the part of Great Britain. . . . No 


nation can take the first step in the work of disarmament.”’ 

The suggestion offered is that as our Navy is able to draw on the mercantile 
marine, so should the Air Force be able to draw on mercantile aviation. 

** Unfortunately, however, as some years must elapse before civil flying can 
become ‘an economic proposition independently of subsidies ’ we are left in 
the interim absolutely without ‘a mercantile aviation’... which means... 
that all the millions of pounds we spend annually on the upkeep of an air 
defence force is a waste of public funds, as it goes to pay for a war-insurance 
which is in reality no insurance at all.’’ (p. 66.) 


Aviation is International. 

““. . . civil aviation if it is to function properly, must be developed inter- 
nationally. Hence an elaborate system of air communication throughout the 
world implies at least a partial victory of the international principle. . . . The 
more we cultivate the international outlook, the more we shall be able to utilise 
the splendid advantages of air power.’’ (p. 161.) 

“When we come to the air we have to do with the element that is free, 
cosmopolitan, universal, in absolute degree. It does not admit of quantitative 
division, and cannot be conceived of in parts.’’ (p. 163.) ‘* And further, as no 
nation can build up an elaborate system of air way, and exploit the roads of the 
sky for its economic development, save in collaboration with all other nations, 
we are forced to the conclusion that . . . this Empire will be as much vaster, 
more comprehensive, more cosmopolitan and more universal than the sea Empire 
of Great Britain, as was that Empire than any of the land Empires that preceded 
it. In other words, it will be an International concern.’’ (p. 168.) 

‘| foresee then a magnificent prospect for mankind from the development of 
civil aviation.”’  (p. 108.) 

The technical section of the book is less happy. In the first place the writer 
states that as R.100 was building he came to the conclusion that ships of this 
type could not be handled in an economic manner for civil aviation. so he 


REVIEWS 219 


elaborated two schemes. One of these is a gigantic structure to grip the airship 
and convey it under power to the hangar. From the illustrations it looks very 
costly. The other scheme is to build the airship as a flying boat, making the 
hull of elliptical cross section, to gain a wide track for the floats, and a dynamic 
lift. 

If such an aircraft can be produced it will be able to alight safely in any 
harbour in the world, and dispense with a mooring tower, a great advantage 
over the present system. The elliptical cross section does not seem to offer a 
good weight strength ratio. Would not the Willows propeller system offer equal 
advantages for a much lighter weight 

As these chapters are supposed to be for the non-technical public it is a 
pity that aeroplanes with a high landing speed are described as ‘* gliding like a 
brick.’’ Generally this section is rather confused in its dimensions and weights. 

The last chapter is devoted to ways and means; undoubtedly the ideas ex- 
pressed would benefit civil aviation, but the opposition of the spending depart- 
ments of Whitehall would be very considerable. 

The book is well worth reading, it shows that Sir Dennis Burney thinks, 
and expresses his thoughts without trying to please vested interests. 


is 


The Strength of Shafts in Vibration: 
J. Morris, B.A., Crosby, Lockwood & Son, 1929. 
30/- net. 

Captain Morris is well-known for his various mathematical researches into 
problems connected with the investigation of vibration in shafts. Some of the 
material in the book has already appeared in the pages of the Journal, so that 
many members of the Society will already be familiar with Captain Morris’ 
methods. The problem of the vibration of shafts whirling at high speeds is one 
which became of practical importance when the Laval turbine came into use. 
The instability and failure of shafts at high speeds turned the attention of the 
mathematicians to the causes of failure. The problem was first studied by 
Greenhill, Dunkerley (a classic on the subject), Chree, whose paper was of out- 
standing importance, Pidduck, Jeffcott (another outstanding paper), Lees and 
Orr. All made various assumptions in order to make the mathematics of the 
problem tractable. The most reasonable appears to be that of Jellcott, who 
made the assumption that each element of the shaft rotates not bodily about the 
axis of the bearings, but about its own axis. The shaft is, in effect, regarded 
as made up of a series of infinitely thin discs threaded on the axis‘of the shaft. 
The assumption is the one which has been adopted by Captain Morris. 

The first two chapters of Captain Morris’ book deal with the well-known 
elementary principles of the bending of rods and Lord Rayleigh’s reciprocal 
relations and their application. Chapters III. and IV. cover the vibration of a 
system of concentrated load on a horizontally supported shaft, and Chapter V. 
the vibration of continuously loaded cantilevers. The more general problem 
covered in these chapters is exhaustively treated in Chapters VI.-VIII. and the 
following three chapters deal with torsion problems and Chapter XIII. with the 
effect of gears. 

At the end of the book are a number of worked out examples. Those of 
particular interest to the aircraft designer are the resonant speeds of an airscrew, 
the resonant speeds of the crankshaft system of an internal combustion engine 
with direct drive, the case of the geared engine, the case of a single engine driving 
two airscrews and the case of four engines driving two airscrews. 

The fault of the book from the practical engineer’s point of view is that it 
is purely mathematical in treatment, and the examples chosen are more on the 
academic side than the practical. Mathematics are the foundation of engineering, 
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but much liaison work is necessary to convince the engineer of the value of mathe- 
matical results and how to apply them in practice. The book, though undoubtedly 
a creditable and sound work from the mathematical point of view, lacks the 
practical outlook. Captain Morris would do well, in future editions, to add a 
number of more practical examples to those he has already worked out and to 
simplify some of the work. There are some important problems, too, which would 
have added considerably to the value of the book if they had been considered. 
Those concerned with damping, for example. 


Air Traveller's Guide to Europe 
Captain N. MacMillan. Duckworth, 1929. 10/- net. 

The Baedeker of the Air has arrived and it is fitting that such an experienced 
pilot as Captain MacMillan should be the author of such a work of reference. 
In the skilled hands of Captain MacMillan, indeed, the air traveller will find 
himself not only thoroughly well informed, but entertained, so that he may forget 
to look through the windows and view the country over which he is travelling. 
The guide is not only a guide to the airways and airports, but contains much 
interesting information of the air regulations which, the reviewer suspects, is 
unknown to many hardened air travellers. 

Kor example, if you are mentally afflicted air transport companies will refuse 
to carry you. Lunatics are strictly confined to land and sea travelling. A man 
may be drunk in a train or a motor car, but he certainly won’t have the chance 
to be in an aeroplane. Captain MacMillan writes lightly of troubles that may be 
experienced. Writing of the wireless control at Croydon, he says: ‘* Only very 
occasionally in the past few years a jam has been experienced, and some years 
ago on one such flight above the clouds the pilot, tuning in to ask for bearing’s 
and position, could only hear the loud and persistent efforts of a new experimental 
radio broadcast station from which in deep, maternal tones a contralto voice over- 
rode all else, and echoed in his ears ‘ God send you back to me.’ ”’ 

The Guide is uneven in its writing and one suspects at times that Captain 
MacMillan has used material supplied to him a little too freely. 

There is much useless description, too, which could profitably be cut out of 
future editions. The air traveller is not very much interested in details of the 
exports and imports of the country over which he passes, and considerably more 
space might be given to the acrodromes and the means of getting from them to 
the chief points of interest in the neighbourhood. The book smacks a little too 
much of Baedeker and not enough of the air. 

Nevertheless, the Air Traveller’s Guide to Europe is amusing, informative 
and interesting and can be recommended to the air traveller to while away an 
hour or two in the air. : 


Into the Blue 
Captain Norman MacMillan, M.C., A.F.C. Duckworth, 8s. 6d. net. 


This book has the touch of the true adventurer. Captain MacMillan has 
already won a reputation with his book on the Art of Flying. This is the 
adventure of Flying, the great adventure of the Western and Italian Fronts 
during the Great War. Captain MaeMillan is that rare combination of the 
artist and the practical man and he continues to combine the two in his writing 
to make a book of intense and thrilling interest. 


In December, 1916, at Netheravon Acrodrome, I went for my first flight. 
The impressions [| had on that maiden flight were different from those on any 
subsequent occasion. Everything was new, vivid, and so very thrilling. A 
Shorthorn perched its passenger right out in front of everything, in a small 
nacelle with only the blue sky and the brown earth in front and all around.” 
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The whole description of that first fight is more real than anything’ the 
reviewer has read for a long time. 

‘Oh! those old days on the tarmac when our fledglings cagerly discussed 
the values of Longhorns and Shorthorns, spoke in awed tones of the terrors of 
the stall and nose dive.”’ 

Compare this with the following :— 


‘* Next day we tlew out on close offensive patrol. There were about twenty 
to thirty enemy planes in the sky, but the Huns would not come near us and 
their speed made attack impossible for us... . We were about four miles cast of 


the German lines when we ran into shell-bumpy air. As the shells rocketed past 
us they threw out waves of air which rocked our planes in no unmistakable 
fashion. We could not sce these shells and flew straight on towards the lines. 
I kept my eyes upon the Sopwith below and saw that he was struggling gamely 


on. Then suddenly the plane reeled upwards in the air and shuddered. As it 
shook, its planes fell off. The. fuselage nosed down and plunged, coffin-like, 
towards the earth.’ The italics are mine. It is the use of such expressive 


adjectives and phrases which enables Captain MacMillan to bring home the real 
meaning of war in the air. 

The book is packed with descriptions of air fights, reconnaissances, and 
life in the squadron. The book asks to be quoted for pages, ‘* It was a good 
time and a bad time rolled into one, a picnic and a term of penal servitude 
combined, but if was a great and glorious adventure, too.”’ 

Captain MacMillan has written a book which should be read by every air 
pilot, by everyone who wishes to be an air pilot, by everyone who still has the 
spirit of adventure in his soul, if not in his body. 


The Royal Air Force Quarterly 
Vol. I, No. 1, January, 1930. 75s. Gd. net. 

‘The Royal Air Force Quarterly,’? a new publication, has for its object the 
promotion and advancement of Service aeronautics and of aeronautics generally. 
If the new Quarterly keeps up the high standard it has set itself in its first 
number it will not only succeed in its object, but will, in itself, become one of 
the most popular quarterlies issued. 

As is only fitting, the Quarterly, which is under the very able editorship of 
Squadron-Leader C. G. Burge, assisted by an advisory committee of R.A.F. 
officers and the liaison officers of the Dominions, opens with a poem on Sir Hugh 
Trenchard, Chief of the Air Staif, 1919-1929. To quote: 

‘Of him it may be fairly said 
He shaped, inspired and wisely led, 
With steadfast faith that never swerved, 
The service that he loved and served.”’ 

** Service in the Royal Air Force,’’? by Air Vice-Marshal Sir Philip Game, 
is an article which might very well be reprinted and scattered broadcast. It 
sums up clearly and concisely how to enter the R.A.F. and the advantages of 
doing so. For those in the Force the article is aptly followed by ‘‘ Some Notes 
on Preparing for the Staff College,’’ by Squadron-Leader R. Graham; the first 
part of an article for all those officers who wish to make the most of the Staff 
College course. ‘* Air Strategy,’? by Wing Commander A. G. Garrod, is an 
excellent summary of some of the problems which concern the air strategist in 
peace and war and should be read by every serving ollicer. The relationship 
between the R.A.F. and the Army in 1g29 is adequately covered by Wing 
Commander T. L. Leigh-Mallory. The extremely full extracts from the report 
of Air Marshal Sir W. G. H. Salmond of ihe Air Operations in Afghanistan 
between December 12th, 1928, and February 25th, 1929, form a most thrilling 
story of the work of the R.A.F. during the time of the rebellion in Afghanistan. 
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A total of 586 passengers of various nationalities were rescued from Kabul. 
During this period the R.A.F. machines ew 28,160 miles in the actual rescue 
work, over the most difficult country during one of the severest winters on 
record, and over country which afforded very few opportunities of a successful 
forced landing. 

‘* 1 submit,’’ says the report, that the history of these evacuations con- 
stitutes a record with which the Royal Air Force can be justifiably satisfied.’’ 

The account of these air operations deserves all the publicity which the 
‘* Royal Air Force Quarteriy ’’ can give it. 

‘* A Naval Miscellany,’? by Captain T. Dorling, R.N., deals very ably with 
the relationship of the Navy and the Air, and the attitude of the Navy towards 
the Fleet Air Arm, and is followed by a personal record of ‘* Some Experiences 
in the High Speed Flight, 1929,’’ by Squadron-Leader A. N. Orlebar. 

The purely technical side of aeronautical progress is not neglected, and there 
is a promise that in future numbers it will be extended. Mr. F. Sigrist witn 
‘* Some Notes on the Construction of Metai Military Aircraft,’’ and Mr. A. H. R. 
Goldie on ‘* Wing Structure,’’? both have written articles which should be read 
by all interested in aeronautical progress. 

It is impossible to mention every article in the Quarterly, and the reviewer, 
indeed, has indicated only a small part of the good fare which has been provided. 
Air Notes, R.A.F. Sport and Pictures, Aviation in the Dominions, Civil Aviation 
developments and the like are covered at length. And, finally, the Quarterly 
has not neglected the less serious side. One cannot refrain from mentioning, in 
particular, the article *‘ With Reference to Official Language.’’ 

The ** R.A.F. Quarterly ’’ has begun well and is assured of a deservedly 
wide circulation. 


CORRESPONDENCE 


The Secretary, Royal Aeronautical Society. 
13th January, 1930. 

Sirn,—The first paragraph in Major Carter’s letter on the flexibility of air- 
screw blades, published in the Journal for January, 1930, is, to say the least, 
surprising. 

Passing over Major Carter’s view of a ‘‘ discovery,’’ I will deal with the 
point at issue by stating facts. 

At the beginning of 1g22 Majer Carter was seriously concerned because the 
calculated critical speed cf torsional resonance of a certain engine (on the data 
then assumed) was higher than the actual observed speed. He asked me if ! 
could suggest any explanation of this. 

As a result I put forward a considered memorandum in which I pointed out 
the possibility of the effect of the flexibility of ihe airscrew blades lowering the 
critical speed. As I had no data concerning the relative extent of this flexibility, 
I could not accurately predict its effect, although I suggested that it might be 
in the neighbourhood of the values given in Major Carter’s letter. 1 also put 
forward definite suggestions for certain experiments to be carried out to decide 
the point. 

The remainder of Major Carter's letter in the Journal amply confirms my 
suggestion of 1922, particularly his sentence ‘ in special cases the effects of 
fitt'ng different types of airscrews may not be ignored. The Tornado is a case 
in point.’? 

Yours faithfully, 
J. Morris. 
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